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AHHOTaii;Ha 

CoBpeMeHHoe nojiOHceHne ^eji b pemeHHH sa^anH o cbhsh MHKpocKonHHecKoli flnna- 

MHKH C MaKpOCKOnHHeCKHMH TepMOflHHaMHHeCKHMH SaKOHaMH HEJIHCTCH HeyflOBJICTBOpH- 

TejiBHbiM B CHjiy onpeflejieHHoro KOHcepBaTHSMa npn pemeHHH npo6jieMbi opranHsai^HH 
CTaTHCTHHecKoro aHcaM6jiH hs saMKnyToii HSOJinposaHHOH cncTeMbi nacTHij;. TaKoe nojio- 
HceHHe fleji ne BbisbiBajio 6bi 6ecH0K0HCTBa, ecjiH 6bi ne Hecnoco6HOCTb CTaTHCTHnecKOH 
MexaHHKH peniHTb BecbMa CTapbie npo6jieMbi BbiHCHennH npHHHH (JjasoBbix nepexo^OB h 

OTCyTCTBHH MeTaCTa6HJIbHbIX COCTOHHHH CpeflH MHKpOCKOnHHeCKHX COCTOHHHH paBHOBeC- 

Horo CTaTHCTHHecKoro aHcaM6jiH. IlpHBjieHeHHe noHHTHii KBanTOBoro BaKyyMa ycKopen- 

HblX CHCTeM COBMeCTHO C HpHHI];HHOM o6paTHOH CBH3H HOSBOJIHeT HOCTpOHTb HeHpOTH- 

BopeHHsyK) cxeMy o6'beflHHeHHii flHnaMHKH h TepMOflHnaMHKH, Tax KaK cymecTBOBanHe 
o6'beKTHBHoro BHeniHero, cjiynaHHoro HCTOHHHKa nepeMeniHBaHHii, npHHaflJie>Kamero k 
(JjopMe MaTepHH, ne noflHHHHiomeHCH fleTepMHHHpoBaHHbiM ypaBHenHHM flBHacenHH, no3- 
BOJiHeT eflHHOBpeMeHHO peniHTb npo6jieMbi Heo6paTHMOCTH, pejiaKcai^nn, (Jaasosbix nepe- 
xoflOB, MeTacTa6HjibHbix coctohhhh h 4)jiyKTyai];HH. 
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KoHD,enD,Ha MO^H(J)HLi,HpoBaHHoro pacnpe^ejienna TmGGca 



HecMOTpfl Ha orpoMHbie ycnexH CTaTHCTH^ecKoii MexaHHKH aa nocjie^Hne cto jigt, c MOMeHia 
Bbixo;i;a B 1902 rofly KHnrn ^jk.B. rnSSca "OcHOBHbie npHHii;Hnbi CTaTHCTHHecKoii MexaHHKH "[T], 
HepemeHHbiMH ocTaiOTca npoSjieivibi oSocHOBanHa — KaKHM oSpaaoM h3 ;i;HHaMHHecKHx saKO- 
HOB flBH>KeHHa ^acTHH, cjiG^yiOT CTaTHCTH^ecKHe 4)yHKn,HH pacnpe^ejieHHa CHCTeMbi ^acTHu, ho 
cocToaHHaM? KaK cjie^CTBHe SToro nepemenHbiMH ocTaiOTca npoSjieivibi neoGpaTHMOCTH TepMO- 
flHHaMH^ecKHx Hpon,eccoB BO BpeMGHH, pejiaKcan,HH k paBHOBecnoMy cocToanHio, (J)JiyKTyan,HH, 
(J)a30Bbix Hepexo;i;oB h MeTacTaSnjibHbix cocToannH. Ha cero;i;HamHHH ^enb otbgt na nepBbie 
flBe npoSjiGMbi flan b paiviKax cySteKTHBHoro no;i;xo;i;a, Kor;i;a Heo6paTHMOCTb npe;i;cTaBJiaeTca 
cjieflCTBHeM orpy6jieHHoro BOcnpnaTna Ha6jiio;i;aTejieM CHCTeivibi mhophx nacTHii;, a pejiaKcaii;Ha 
- cjieflCTBHCM cymecTBOBaHHa ^HHaMH^ecKOH neycToii^HBOCTH b CHCTeMe ^acTHu,, npHBOflaineii 
K ee nepeMeniHBaHHK). B paMKax TaKoro noflxo^a c npHBjieneHHeM cbohctb KopoTKO^eiicTBy- 
lomHx MejKMOJieKyjiapHbix chji y;i;aeTca nocTpoHTb CTaTHCTH^ecKHe pacnpe;i;ejieHHa rnSSca, 
KOTopbie ycneniHO onncbiBaiOT CBoiicTBa 0flH0(|)a3Hbix cncTeivi raaoB h HajiyneHHii. 0;i;HaKO, 

B CTaTHCTHHeCKOH CyMMG KOHeHHOH CHCTeMbi HaCTHIi; (cyMMC no BCCM BOSMOJKHblM COCTOaHH- 

aM) OTcyTCTByiOT cocToaHHa MCTacTaSHjibHbie h oco6bie to^kh no TCMnepaType, nTO anjiacTca 
npnsnaKOM OTcyTCTnna (|)a30Bbix nepexo^on. CTaTHCTnnecKaa cyMMa anjiacTca nenpepbinnon 
(J)yHKn;HeH TCMnepaTypbi bmcctc co cbohmh npon3Bo;i;HbiMH. HosTOMy CTaTncTn^ecKaa Mcxa- 
HHKa onncbiBacT tojibko OflHo4)a3Hbie chctcmm nacTnn;, nosTOMy n ne y;i;aeTca c noMoni;bio 
HeH3MeHHoro fljia Bcex 4)a3 noTeHn;Hajia B3anM0fleHCTBna MOJiCKyji onncaTb TepMo;i;HHaMHHe- 

CKHC CBOHCTBa pCajIBBblX CHCTCM B HinpOKHX HnTCpBajiaX TCMnepaTyp, BKJIIOHaiOn],HX TOnKH 

(|)a30Bbix nepexoflOB. Tcm ne Menee, ^Jia Mnornx CTaTncTnnecKnx MO^ejien y^aeTca nojiynnTb 
xapaKTcpnbie ocoSennocTn none^enna TepMO^nnaMnnecKnx nejinnnn npn BBe^ennn npon,eflypbi 
nepexo^a k TepMOflnnaMnnecKOMy npe^ejiy, hto TpaKTycTca KaK onncanne (J)a30Boro nepexo^a 
B paMKax (|)opMajiH3Ma KanonnnecKoro ancaMSjia EnSSca. Ho, necMOTpa na to, hto Tcopna ^a- 
30Bbix nepexoflOB npe^CTanjiaeT caMOCToaTCJiBBbin pa3fleji TeopeinnecKon 4)H3HKn yace nonin 
coTnio JiCT, 4)n3nnecKne npnnnnbi noanjienna cnnryjiapnocTcn TepMO^nnaMnnecKnx nejinnnn 
npn (|)a30Bbix nepexo^ax ^o cnx nop ne ycTanoBjienbi. KpoMC Toro, (J)a30Bbie nepexo^bi Tecno 
CBa3aHbi c MeTacTaGnjibHbiM cocToanncM, h6o MCTacTaSnjibHbie chctcmm Bcer;i;a 3aBepmaiOT 
CBoe cyni;ecTBOBaHHe (J)a30BbiM nepexo;i;oM. CKopee Bcero, (J)a30BbiH nepexofl abJiacTca nocjie^- 
HHM 3TanoM cymecTBOBanna MeTacTaSnjibnon cncTCMbi, a ne caMOCToaTCJibHbiM aBJienneM. 06 
3T0M roBopHT BCCb naKonjicnnbiH no sthm BonpocaM SKcnepnMenTajibnbin MaTcpnaji: B5jin3n 
TOHCK njianjienna KpncTajiJia n Kon^encan,nn napa ncer^a naSjiio^aiOTca anjienna rncTepe3nca 
(nepeoxjiajKflenne jkh;i;kocth, nepeoxjiajKflenne napa). C stoh tohkh 3peHHa CTaTncTHHCCKne 
MOflCJiH 4)a30Bbix nepexo;i;oB 5e3 MeTacTaSnjibHbix cocToannii aBJiaiOTca ymepSnbiMn. 

Cepbe3Hbie, n ;i;o cnx nop Hepa3pemeHHbie npoSjiCMbi B03HHKaiOT npn onncannn Kon^^encn- 
ponannbix cpe^ b o6jiacTH B6jin3H ToncK (J)a30Bbix nepexo^OB n npn onncannn MCTacTaSnjibnbix 
cncTCM. TcM ne Menee, cjie^ycT corjiacnTbca c ySe^K^enncM /Jjk.B. FnSSca, hto CTaincinnecKaa 
MexannKa "npe;i;cTaBJiaeT HanjiyHinyio ocnoBy ji^jisi H3yHeHHa pan;HOHajibHOH TepMo;i;HHaMHKH 
H MOJieKyjiapnoii MexaHHKH"[lj. ^ocTaTonno nojinbin aHajiH3 npoSjiCMbi oGocnoBanna CTaTH- 
CTHHCCKoii MexaHHKH flan b khhtc H.C. KpbiJiOBa "Pa6oTbi no oSocHOBannio CTaTHCTHHecKofl 
(J)n3nKn"pj. HTorn hohbitok BbiBCCTn Bce 3aKonbi CTaTncTnnecKon MexannKn n3 Teopnn 3a- 
MKnyTbix cncTCM nacTnn, MO>Kno noflnecTn n,nTaTOH n3 stoh Knnrn c. 131: "B KjiaccnnecKon 
Teopnn mm ne MO>KeM nojiynnTb nonaTne nepoaTnocTnoro 3aKona (nanpnMep, 3aKona (|)JiyK- 
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Tyaii;HH hjih saKOHOB CTaTHCTHHecKHx pacnpe;i;ejieHHH), onpe;i;ejiHTb b TepMHHax KJiaccHHecKofi 
TeopHH ycjiOBHa ero npHMenHMOCTH; ne MO>KeM OTBeTHTb na Bonpoc: KaK BOSHHKaiOT BepoaT- 

HOCTHbie SaKOHbl (J)H3HHeCK0H CTaTHCTHKH, npH KEKHX yCJIOBHaX H SjiarO^apa KaKHM SJieMGH- 

TapHbiM 3aK0HaM npnpoflbi ohh cymecTByiOT". IlpHBJieHeHHe noHSTHH KBanTOBoii MexaHHKH h 
BepoaTHOCTHoro xapaKTepa bojihoboh (|)yHKii;HH TaKJKe ne npHBejiH k nojiojKHTejibHOMy paape- 
meHHK) npo6jieMbi o6ocHOBaHHa. nepexo^i; ot KJiaccHHecKofi MexaHHKH k KBanTOBOH osHanaeT 
nepexofl ot o;],H03Ha^Horo onncanHa CHCTeMbi c HcnojibsoBanHeM nonaTHii KOop;],HHaT h hm- 
nyjibcoB ^acTHH, k oflHoanaHHOMy onncaHHio c HcnojibsoBanHeM noHHTHa bojihoboh (|)yHKn,HH. 

HoflXOfl, OCHOBaHHblH Ha HOHaTHaX O SaMKHyTOH CHCTCMe aaCTHH,, MO>KHO OHpe^ejiHTb KaK 

opTo;i;oKcajibHbiH. OcHOBOH j^jisi Hero cjiyjKHT sproflHHecKaa rnnoTeaa yTBepjK;i;aiOHi;aa, hto 
cpe^nee ho MaKpocKOHHHecKOMy BpeivieHH (J)H3HaecK0H BejiHHHHbi panno cpe;i;HeMy ho CTaTH- 
CTHaecKOMy aHcajviGjiio. KpoMe nero, Sbijih h cymecTByiOT hohbitkh o6ocHOBaTb CTaTHCTH^e- 
CKyio MexaHHKy KaK MexaHHKy OTKpbiTbix chctcm, Horpyacennbix bo BHemnioio, cjiy^aHHyio 
cpefly. HpoTHB TaKoro paccMOTpenHa B03pa>Kaji H.C. KpbijiOB [2j c. 129: "KaK mm y>Ke ro- 
BopHJiH, HpnGeraa k homoh^h BHeniHeii cpe;i;bi, mm flBHJKeMca b HopoHHOM Kpyre, nepenocHM 
Ty me Tpy;i;HOCTb h3 o^Horo MecTa b flpyroe, npHflanaa en tojibko Sojiee cjiojKHyio (J)opMy. Ha 
CKaaaHHoro cjie^yeT, ^to y^OBjieTBopaiomaa TpeSoBannaM jiornaecKOH HOCJie;],OBaTejibHOCTH 
H acHOCTH HOCTanoBKa aa^a^H oSocHOBanna BepoaTHOCTHbix saKonoB CTaTHCTH^ecKoii Mexa- 
HHKH MO>KeT HCXOflHTb JIHHIb H3 HfleajIH3an,HH H30JIHpOBaHHOH CHCTeMbi: HOHMTKa HpHBJieHb 

fljia oSocHOBanna sthx 3aK0H0B B03MyiH;aioiH;He ^eflcTBHa BHemneH cpe^bi noponna h (|)H3h- 
necKH, H jiorHHCCKH". KajKCTca, hto Mbicjib Honajia b jiornnecKHH KanKan: h3 ^HHaMH^ecKHx 

CBOiiCTB HeB03M0JKH0 HOJiyHHTb CJiy^aHHOe HOBeflCHHe CHCTCM MHOrHX HaCTHIi;, a HpeflHOJIO- 

JKCHHC o cjiyaaiiHOM xapaKTcpe OKpyjKaromeii cncTCMy cpe^M npoTHBopeaHT ^HnaMHaecKOMy 
OHHcaHHK) MaiepHH. 

TaKOH HeCCHMHCTHHCCKHH pe3yjIbTaT 0Ka3ajICa B03M0JKHbIM HO OflHOH HpHHHHe: B OCHOBy 

paccMOxpcHHa npoGjiCMbi 6biJia HOJiojKena Mo;i;ejib cymecTBOBaHHa MaxepHH b e;i;HHCTBeHHOH 
(J)opMe, B (|)opMe peajibHMx, naSjiioflaeMMx hojich h nacTHii;, flBHJKeHne KOTopbix HOflHHHaeTca 

fleTepMHHHCTHHCCKHM ypaBHCHHaM ^BHJKeHHa. 

C 4)HJI0C0(J)CK0H TOaKH 3peHHa fleTepMHHH3M H CTOXaCTHHHOCTb - HpOTHBOHOJIOaCHblC KaTC- 

ropHH, HCCBO^HMbie flpyr k ^pyry. OnHCMBaa flBH>KeHHe MaiepHH flH(|)(|)epeHn,HajibHbiMH ypan- 

HCHHaMH, HOJiyaaCMMMH H3 HpHHH;HHa HaHMCHbHierO flCHCTBHa, MM aKH;eHTHpyeM BHHMaHHe Ha 
fleTepMHHHCTHaeCKHX CBOHCTBaX MaTCpHH. Heo5xOflHMO OTMCKaTb TCnepb H oSljeKTHBHMe CTO- 
XaCTHaeCKHC CBOHCTBa, TO eCTb C(J)OpMyjIHpOBaTb 3aK0H HJIH HpHHn,HH, aHajIOrHHHMH HpHHn,HHy 

HaHMCHbiHero ^encTBHa, ho y3aKOHHBaioiii,HH CTOxacTHaecKoe HepcMernHBaHHe. B btom mcctc 
y^oGno c^ejiaTb neSojibmoe OTCTyHjienne c n,ej[bio HCH0Jib30BaHHa SjiaroTBopnoii anajiorHH. 

HpH (J)opMHpoBaHHH j[io6oH OTpacjiH 3HaHHa HcpHOflHaecKH HacTynaex momcht, Kor;i;a Tpe- 
SycTca 4)Hj[oco(J)CKoe o6o6iii;eHHe h CHCTeMaTH3aH;Ha HMeiomeiica HH4)opMaH;HH c ufijihm ho- 

CTpOCHHa n,ej[OCTHOH KapTHHM B ^aHHOH OTpaCJIH. Be3 TaKHX 05lIl,HX MOflejieii HpOflBH>KeHHe 

B oSjiacTb HeH3BecTHoro CTanoBHTca 3aTpyflHHTej[bHbiM, a, HHor^a, nonpocTy HeB03M0>KHbiM. 
HosTOMy (]3Hjioco(|)CKoe o5o6iii,eHHe naKOHjieHHoro 3HaHHa npaKTHaecKH Bcer^a aBjiacTca aK- 

TyajIbHMM H Heo5xOflHMbIM. 

OSpamaacb k 4)H3HKe KaK k o;i;hoh h3 ochobhmx oxpacjieii 3HaHHa 06 OKpyjKaiomeM Mnpe, 
MM BHflHM, axo BCC orpoMHOC 3;i;aHHe (J)H3HaecKoro 3HaHHa 5a3Hpyexca na necKOJibKHX nocxy- 
jiaxax, BbiTCKaiomiix 113 ohmthmx HaSjiiOfleHHH a no^TBepacflenHbix noBce^neBHoii npaKTHKoa. 

HepBMM TaKHM nocTyjiaTOM abjiacTca nocTyjiaT o 4)opMe onHcanaa MaTcpaa a ^oaycTaMbix 
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3aK0Hax ee ^BHJKeHHa. 

^BHJKeHHe Jiio6oro THna peajibHoii MaiepHH onncbiBaeTca ;],H(J)(J)epeHLi,HajibHbiMH ypasHeHH- 
aMH, o6pamaiomHMH b nyjib BapHan,Hio 4)yHKn,H0Hajia fleiiCTBHa npn aaKpenjiennbix npocTpan- 
CTBeHHO BpeMeHHbix rpaHHii;ax. PemeHne 3thx ypaBHeHHfi naabiBaeTca aaKOHOM ^BHJKeHna h 
aBJiaeTca (J)yHKii;HeH BpeivieHH. 

BTopbiM nocTyjiaTOM aBJiaeTca nocTyjiaT o reoivieTpHHecKOH CTpyKType npocTpaiiCTBa-BpeivieHH. 

Jlio6aa MaiepHa cymecTByei h flBHJKeTca b 4-xMepHOM nceB^oeBKjiH^OBOM npocTpancTBe. 
CjieflCTBHeM 3Toro nocTyjiaia aBjiaiOTca aaKOHbi coxpaneHHa aneprHH-HMnyjibca h MOMeHia 
HMnyjibca fljia aaMKHyibix H30JiHpoBaHHbix CHCieM, BbiTCKaiomHe h3 TeopeMbi Heiep. 

Z^Byx BbimeynoMaHyTbix nocTyjiaTOB 6biJio Bnojine ;i;ocTaTOHHO fljia onncaHHa b paMKax 
KopnycKyjiapHOH ;i;jia BemecTBa h bojihoboh ^Jia HSJiyneHHa KapTHHbi Mnpa, cocToainero h3 
6eccTpyKTypHbix aiOMOB h 3JieKTpoMarHHTHbix nojieii. 

OflHaKO, npo6jieMbi cneKTpocKonHH h lenjiOBoro HSJiyHenHa noTpe6oBajiH 4)opMyjiHpoBKH 
TpeTbero nocTyjiaia, nocTyjiaia o KopnycKyjiapHO-BOJiHOBoii npHpofle MaiepHH c BBe^eHHeM 
MHHHMajibHoro KBaHTa ;i;eHCTBHa HjiaHKa. 

Ha ocHOBe sthx nocTyjiaTOB nepe^ naMH OTKpbiBaeTca KapTHHa ivinpa ot MacmTaSoB 10~^^ 

CM flO 

10+28 

CM. 

Hama Bcpa b cnpaBeflJiHBOCTb ypaBHCHHii flBHJKCHHa, aBjiaiomnxca yTBepjKflenHeM nepBoro 
nocTyjiaia, ctojib BCJiHKa, hto na ee ochobc mbi jih6o OTBepracM, jih6o o6peTaeM Bora. Mbi bc- 
pHM, HTO ecjTH 6i)i y;i;ajTOCb nojiy^HTb nojiriyio Hii(J)opMaiiHio o cocToaHHH Mnpa b iieKOTopbiii 

MOMCHT BpeMGHH H peUIHTb CHCTCMy ypaBHeHHH flBHJKeHHa, COflepjKamylO HX aCTpOHOMHHeCKOe 

HHCJio nopa^Ka 10^°, to mo5kho 6biJio 6bi npe^CKaaaTb 6yflyiii;ee na jiio6om npoMCJKyTKe Bpe- 
MCHH. ripH 6ojiee BHHMaTejibHOM paccMOTpeHHH CHTyan,HH Hama HecoKpyniHMaa Bcpa mojkct 
6biTb noKOJie6jieHa. 

TaK j^jisi corjiacoBaHHa flHHaMHKH nacTHii; c npaKTHnecKOH TepMo;i;HHaMHKOH 6biJi pa3pa6o- 

TaH CTaTHCTHHCCKHH MCTOfl, KaK BCnOMOraTCJIbKblH, npnSjIHJKeHHblH MCTOfl onHcaHHa chctcm 

MHorHx nacTHii;. OaKTHHCCKH Bce 3KcnepHMeHTajibHbie ^anHbie aBJiaiOTca npoaBJieHHCM CTa- 

THCTHHCCKHX 3aK0H0MepH0CTeH, n03T0My npo6jieMa 060CH0BaHHa CTaTHCTHMCCKOH MCXaHHKH 

ocTacTca aKTyajibHoii. OflnaKO, Bonpoc HCflOCTaTOHHOH oSocHOBannocTH nojiyHCHHa CTaiHCTH- 
^ecKHx pacnpe^ejieHHH h3 ^HnaMH^ecKoii 3aMKHyT0H HSOJinpoBaHHoii CHCxeMbi HacTHit b na- 
CToamee BpcMa Majio Koro HHTepecycT, TaK KaK BCKOBaa npaKTHKa 3KcnjiyaTaii;HH paBHOBCCHbix 
pacnpe^ejieHHH rH66ca h KHHCTHHecKHx ypaBHeHHH ^Jia nepaBHOBecHbix chctcm H0Ka3biBaeT 

CnpaBCflJIKBOCTb CTaTHCTHMCCKHX HpeflCTaBJieHHH H B03M0JKH0CTb pemCHHa MHOrHX npHKjiafl- 
HblX 3aflaH pa3pa60TaHHbIMH CTaTHCTHMCCKHMH MCTOflaMH. Ho HMCHHO Cy6T3eKTHBHOCTb BblBOfla 
CTaTHCTH^eCKHX paCnpe/iejTeHHH H3 SaMKHVTblX /tHHaMHMeCKHX CHCTeM He n03B0JTaeT BKJIIOHHTb 

MCTacTaSHJibHbie cocToanna h (i)a30Bbie Hepexo;i;bi b annapaT paBHOBecnoH CTaTHCTHnecKon mc- 

XaHHKH. 

CTaTHCTHHecKHii HOCTyjiax Mor 6bi cxaxb HCTBepTbiM nocTyjiaxoM 4)h3hkh, ccjih 6bi Tpe6o- 

Banne CXOXaCTHMHOCTH CHCTCMbl MHOrHX HaCTHH, He HpOTHBOpeHHJIO HCpBblM TpeM HOCxyjiaiaM, 

H3 KOTopbix BbiTeKaex o6paTHMOCTb ypaBHeHHH /iBHJKeHHa BO BpeMeHH H ero peryjiapnocTb. 
HeB03M0>KH0CTb CBa3aTb peryjiapnyio, o6paTHMyio bo BpeMenn jiHiiaMHKv nacTHn; c neoSpaxH- 
MbiMH TepMOflHHaMHHecKHMH npou,eccaMH HBJiaeTca na cero;i;HamnHM ^enb TeM caMbiM TyMan- 
HbiM o6jiaHKOM, KOTopoe B OHcpeflHOH pa3 He H03B0JiaeT CTpoHTb coBpeMCHHyio KapTHHy Mnpa 
na eii,HHOH ochobc HenpoTHBopeHHBbix HOCxyjiaTOB. 

CxaTHCTHHecKaa MCxannKa b cyn],ecTByioin,eM bh^c, npcKpacHO 3apeKOMeHflOBaBmaa ce6a 



4 



npH pemeHHH aa^an TeopHH rasooopasHoro cocToaHHa BemecTBa h TeopHH HajiyneHHa, corjia- 
coBaHHafl B 3T0H o6jiacTH c TepMO^HHaMHKOH, He B cocToaHHH peniHTb npo6jieMbi npHHHH 4)a- 
30Bbix nepexoflOB h npHMHH cymecTBOBanHH MeTacTa6HjibHbix coctohhhh. Ona ne b coctohhhh 
a^eKBaTHO onncaTb TepMO^HHaMHKy iKH^KOCTefi h peniHTb Bonpoc o cbssh Heo6paTHMbix npo- 
ii;eccoB TepMOflHHaMHKH c o6paTHMbiMH ;i;BH>KeHHaMH MOJieKyji, TO ecTb peniHTb Hpo6jieMy: h3 
KaKHx 4)H3HHecKHx saKOHOB B03HHKaiOT CTaTHCTHHecKHe pacHpeflejieHHs H (i)JiyKTyaH;HOHHbie 
4)opMyjibi? 

CncTeMa 4)yHflaMeHTajibHbix nociyjiaTOB c|)H3hkh, no-BH^HMOMy, ne flBjiaeTCfl nojinoii no 
OTnomennio k H3BecTnbiM 4)H3HnecKHM HBjiennHM. 

AHajTH3Hpya CTpyKTypy (jDynflaivieHTajibnoro KanonnnecKoro ancaiviSjia rH66ca n ycjionna 
ero nocTpoenna, oSnapyjKHBaeM, hto ycjiOBne KBa3HH30Jian;nn cncTeivibi ot TepMOCTaTa c no- 
Moni,bio MOflejiH KopoTKOfleiicTByion^Hx MejKMOJieKyjiapnnix cnji, neoSxoflHMoe fljia nocTpoenna 
ancaM6jia, ncKjiionaeT h3 paccMOTpenna pannoBecnon CTaTHCTHHecKoii MexannKon MeiacTa- 
6Hjibnbie cocToanna, cjieflonaTejibno, n 4)a30Bbie nepexoflbi. 

PacxojKee Mnenne o tom, hto MeTacTa6HJibHbie cocToanna sto cocToanna nepannoBecHbie 
aBJiaeTca omnSoHHbiM. MeTacTa6HJibnbie cocToanna - cocToanna pannoBecHbie, no Majio ycTon- 
MHBbie. HeycTOHMHBOCTb ne 03nanaeT nepannoBecnocTb. TaK KaK MeTacTa6Hjibnbie cocToanna 
CHCTeM Mnornx nacinn, Moryi cyn],ecTBOBaTb na npoMe>KyTKax npeMenn Mnoro 6ojibmHx, neM 
BpeMa flajKe rnflpoflnnaMnnecKon pejiaKcan,HH, to jiornnno OTnecTH nx k pannoBecnbiM cocto- 
annaM, no neycTonnnBtiM no OTHomennio k MajTbiM B03Myni;eHHaM. Ecjth nojraraTb MeTacTa- 
Snjibnbie cocToanna pannoBecnbiMH, to cjie^CTBneM anjiaeTca Mnoro3naHnocTb CTaTncTHnecKon 
cyMMbi KaK c|)ynKn;HH TeMnepaTypbi. 

OcTanaacb y6ejKflennbiMH b tom, hto 4)ynKn,Honajibnaa CTpyKTypa KanonnnecKoro ancaM- 
6jia npannjibnaa, mo>kho sa/iaTb nonpoc: "KaKOBbi ycJiOBna Mnoro3nannocTH CTaTHCTHnecKoii 
cyMMbi no TeivinepaType?". Hivienno MnorosnannocTb CTaTHCTnnecKon cyMMbi no TeMnepaType b 
neKOTopoH oSjiacTn nSjinsn ToneK 4)a30Bbix nepexo^on 03nanaeT yneT ivieTacTaSnjibnbix cocto- 
annn. OTneT oneBn^en: ^nnaMHKa paccMaTpnBaeMon cncTeMbi ^ojiJKna 6biTb no TeMnepaType 
Mnoro3naHnoH, to ecTb 3c|)c|)eKTHBnbiH raMHjibTonnan cncTeMbi, onncbiBaeMoii KanonnHecKHM 
ancaM6jieM, 3aBHCHT ot TeMnepaTypbi. HoacnnM. Hpn TeMnepaTypax b OKpecTnocTH TeMnepa- 
Typbi 4)a30Boro nepexo^a 3aBHCHM0CTb 3(J)(J)eKTHBnoro raMHjibTonnana ot KOop^nnaT nacTnn, 
npn o;i;noH n Toii me TeMnepaType ^ojiacna 6biTb pa3JiHnnoH ^Jia CTaSnjibnon n MeTacTaSnjib- 
noH 4)a3. OHeBH;i;no, hto noflo6nbie cnoncTBa MoryT 6biTb TOJibKO y otkpmtmx cncTeM. 

PacKpbiBaa cncTeMy TpaflHn,HonnbiM cnoco6oM c npnBjienenneM KopoTKOfleiicTByiomHx 
MejKMOJieKyjiapnbix cnji, npeflna3naHennbix jinnib fljia BBe^enna BepoaTnocTen cocToannii cn- 
CTeMbi ^lacTHit 6e3 H3MenenHa cneKTpa sthx cocToannn, mm nona^aeM b 3aTpy/i,HHTejibHoe 
nojiojKenne — flaace yneT B3aHM0fleHCTBHa c TepMOCTaTOM ne MOJKeT npnBecTH k noanjiennio 
TeMnepaTypbi b 34)4)eKTHBnoM raMHJibTonnane cncTeMbi. Bflo6aBOK ncnbiTaeM oropnenne, cna- 
3annoe c neB03MOJKnocTbio onpe^ejienna nepoaTnocTH cocToanna fljia TaKoii cncTeMbi. 

^pyroe flejio, ecjin OKpyjKenne cncTeMbi - TepMOCTaT - CTOxacTH3HpoBan. B 3tom cjiynae 
na6jiiOflaTejib, H3yHaioiiiHii cncTeMy, oSnapy^KHT, hto /uia cncTeMbi OKpyjKenne npeflCTanjiaeT 
C060H cnjTomiiyK) cpe;i;y, ii ciicxeMa B3aHMo;i,eMCTByeT c TepMOCTaxoM ne nonacTnnno, a b n;ejiOM. 
^[pyrHMH cjiOBaMH, B3aHM0^eMCTBHe CHCTeMbi c TepMOCTaTOM npeflCTaBJiaeT B3anMo;i;eHCTBne c 
nojieM peaKn;HH TepMOCTaTa, to ecTb o6paTnyio CBa3b, n 3aBHCHT jinnib ot KOop^nnaT nacTnn; 

CHCTeMbi. 

C yHBTOM o6paTHOH CBa3H MOflCJibnaa cncTCMa npeflCTaBjiena 3(J)(J)eKTHBHbiM raMnjibTonn- 
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anoM, saBHcamHM ot TeMnepaTypbi. CoraacHO c H^eojiorHefi cpe^nero nojia cjie^yeT npoBecTH 
nepenopMHpoBKy, BbiMHiaa cpeflflee nojie TepMOCTaia, na 4)0He KOToporo flBHJKeTCfl HayHaeMaa 
CHCTeMa. 

3c|)c|)eKTHBHaa CHCTeMa KBaaHHaojinpoBana ot TepMOCTaTa, Tax Kax 3c|)c|)eKTHBHbiH raMHJib- 
TOHHan CHCTeMbi He aaBHCHT ot ;];HHaMHHecKHx nepeivieHHbix TepMOCTaTa. /Jajiee, cjie^ya FhSS- 

Cy, MOJKHO CTpOHTb 3(i)(i)eKTHBHbIH KaHOHHHeCKHH ailCaiVlSjIb. 

^HHaMHKa CHCTeMbi OKaabiBacTCfl CBHsaHHoii c TepMO^HHaMnnecKHM cocToanneM nepea ca- 
MocorjiacoBaHHbiii aHcaM6jib rH66ca. 3c|)c|)eKT caMocorjiacoBanHa ^ejiacT aa^aHy HejiHHeiiHOH 
no TCMnepaType, hto hphbo^ht k HeoflHoanaHHOCTH CTaTHCTHHecKoii cyMMbi, cjie^OBaTejibHO, 
K MeTacTa6HJibHbiM cocToannaM h (|)a30BbiM nepexoflaivi. Y CHCTCMbi noaBJiaeTca Bbi6op MejK^y 
BOSMOJKHbiMH npH flaHHOH TCMnepaType THnaMH ^BHJKeHHH MOJieKyji, TO ecTb 4)a3aMH. 

Bo3Bpamaacb k chctcmc 4)yHflaMeHTajibHbix nocTyjiaTOB, Tcnepb noHHMacM, mto k TpeM 
nocTyjiaTaM cjie^ycT flo6aBHTb eme flBa, a hmchho: CTaTHCTHMCCKHH nocTyjiaT, KOTopbiii yTBcp- 
jKflacT, HTO Bca peajibHaa MaTcpna noflBcpracTca cjiyHaiiHbiM Boa^eiicTBHaM h b ypaBHCHHax 
flBHJKeHHa nacTHii; o6a3aTejibHO npncyTCTByeT hctohhhk cjiyHaiiHbix B03Myiii;eHHH; nocTyjiaT 
o6paTHOH CBa3H, CMbicji KOToporo B TOM, HTO, HaSjiio^aa 3a flHHaMHKOH CHCTCMbi, Mbi oSna- 
pyjKHBacM ee Koppejian,Hio c TepMOflHnaMHMecKHM cocToanneM OKpy^Kenna, CBasanHyio c B3a- 
HMOfleHCTBHCM CHCTCMbi c BOJiCM peaKn,HH CTOxacTH3HpoBaHHoro, cjieflOBaTCJibHO, cnjioniHoro 
OKpyjKeHHa, mto flCJiacT 34)4)eKTHBHbiH raMHJibTOHHan chctcmm saBHcamHM ot TepMOflnnaMH- 
necKHx xapaKTepncTHK OKpyjKerma KaK ot napaMeTpoB. 

HtoSm 6bIJia B03M0>KH0CTb CTpOHTb 3(|)(|)eKTHBHbie raMHJIbTOHHaHbl, 3aBHCaiII,He OT TCMne- 

paTypbi, Heo6xoflHMO, HTo6bi cncTCMbi mhofhx nacTHii; 6biJiH CTOxacTH3HpoBaHbi. ^Jia 3Toro 

flOCTaTOHHO yKaSaTb HCTOMHHK CTOXaCTHHHOCTH peajIbHOH MaTCpHH. 

TaK KaK peajibHaa MaTcpna noflHHnaeTca o6paTHMbiM ypaBHCHHaM ^BHJKeHHa, to hctomhhk 
CTOxacTHMiiocTH cjie/^veT HCKaTb B MaTepHH. npHiia;iJTe>KaiiieH ;ipyroH (J)opMe. Ha ceroflHaniHHii 
flCHb H3BecTna MaTepna OTJinnnaa ot peajibHoii TOJibKO b 4)opMe BaKyyMHbix (|)jiyKTyaii;HH. 
HasoBCM ee BHpTyajibHofi. 

HTaK, CTaTHCTHMCCKHH HOCTyjiaT yTBepjKflacT cymecTBOBaHHC Bceo6mero rjio6ajibHoro 
"TepMOCTaTa — KBanTOBoro BaKyyMa, nepeMeniHBaiomero peajibnyio HacTb MaTcpHH. npHHn,Hn 
oSpaTHoii CBa3H — 3to nocTyjiaT o nepe/iane MaKpocKonH^ecKHx cbohctb chctcmbi na MHKpo- 
CKonHHCCKHH ypoBCHb B3aHM0fleHCTByK)iii;Hx ee 3JieMeHTapHbix cocTaBJiaioinHx. 3to nocTyjiaT 
OTpajKCHHa, peajiH30BaHHbiH b CBoiicTBax BaxyyMa, peaKii;Ha KOToporo saBHCHT ot cocToanna 
flBHJKeHHa peajibHOH MaTepHH. 

HocTyjiaT o6paTHOH CBa3H flCJiacT cncTCMy "MCxanHKa — CTaTHCTHHCCKaa MCxanHKa — Tcp- 
MOflHHaMHKa"caMOCorjiacoBaHHOH h aaMKHyToii, cjTe;i;oBaTejibHO, nenpoTHBope^HBoii. 

CoBpeMCHHoe npe^CTaBJieime 06 nepapxHHecKOH CTpyKType Mnpa aaKJiiOHaeTca b cjie^yio- 
mcM: B ocHOBC Bcex HaSjiioflaeMbix aBJienHfi jicjkht ^HnaMHKa 3JieMeHTapHbix cocTaBJiaiomnx 
CHCTCMbi, H3 KOTopoH npH onpeflejieHHbix npeflnojioJKCHHax CTpoaTca CTaTHCTHMCCKHe 4)yHK- 
n,HH pacnpeflCJieHHa, no3BOJiaiomHe BbiMHCJiaTb cpe,T,HHe SHaneHHa MaKpocKonHHCCKHx xapaK- 

TCpHCTHK CHCTBMbl, KOTOpblC CpaBHHBaiOTCa C HaSjHOflaCMblMH Ha OHblTC, TO CCTb C TCpMOflH- 
HaMH^ieCKHMH. 

TaKaa CKB03Haa cxcMa npeflnojiaracT, hto ochoboh cymecTBOBanHa MaKpocKonH^ecKHx ch- 
CTCM aBJiaiOTca MHKpocKonHHecKne saxoHbi ^BHJKeHHa 3JieMeHTapHbix cocTaBJiaioni;Hx Tax, hto 
npn yMCHHH pemaTb orpoMHoe ^hcjio CBa3aHHbix ypaBHCHHii c 3aflaHHbiMH naHajibHbiMH ycjio- 

BHaMH, MOJKHO SblJIO 6bl oSOHTHCb 6e3 CTaTHCTHMCCKOH MCXaHHKH H TepMOflHHaMHKH. Ho B 
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TaKOH cxeMe hgt MecTa TaKHM MaKpocKonHHecKHM aBJieHHSM KaK cjDaaoBbie nepexo^bi, Meia- 
CTa6HjibHbie cocTOflHHa h aaKOHbi 4)jiyKTyan,HH. B TaKoii cxeMe OTcyTCTByioT sjieMeHTapHbie 

SaKOHbl 4)H3HKH, Ha OCHOBG KOTOpblX B03M0>KH0 oG^bflCHHTb B03HHKH0BeHHe CTaTHCTHHeCKHX 

pacnpe;i;ejieHHH. 

OflHaKO He TaK Bce 6e3HaflejKHO. YjKe b KBanTOBOH pejiaTHBHCTCKofi MexannKe noaBHJiocb 
nonaTHe (J)H3HHecKoro BaKyyivia - 'Vopa ^npaKa". 3to nonaTHe TpaHC(J)opMHpoBajiocb b co- 
BpeMGHHoe nonaTHe KBanTOBoro Baxyyivia, oSjia^aiomero onpe^ejienHbiMH (|)H3HHecKHMH xa- 

paKTepHCTHKaMH H CBOHCTBaMH. CymGCTBOBaHHe BaKyyMa nO^TBepjKfleHO 3(J)(J)eKTaMH JlSM- 

5a (cflBHr aTOMHbix ypoBnen), Ka3HMHpa (npHTajKCHHe tgji, napymaiomHx TpaHCJian,HOHHyio 
CHMMeTpHK) npocTpancTBa), anoMajibHoro MarHHTHoro MOivieHTa sjieKTpona. ^eTCKTHpoBaTb 
BaKyyMHbie (|)jiyKTyaii;HH HeB03M0JKH0, ohh hg MoryT SbiTb oSnapyiKeHbi naSjiioflaTejieM, ho hx 
coBOKynnoe ^encTBHe SKcnepHMeHTajibHO Ha6jiiOflaeTca b ynoManyTbix Bbime 34)4)eKTax. 

B HOCJie^Heii neTBepTH XX Bexa b (J)H3HKe KBaHTOBannbix nojieii noaBHjiocb n,ejioe nanpaB- 
jienne — TenjiOBbie 34)4)eKTbi ycKopenHa. 0Ka3biBaeTca, ^to ^Jia ycKopenHoro naSjno^aTejia 
HOJie, HaxoflaHi;eeca b HeB036yjK;i;eHHOM cocToannH, Hpe;i;cTaBJiaeTca b BH;i;e TenjiOBoro cneKTpa, 
ecjiH CBa3aTb ycKopenne c TeivinepaTypoH BaKyyMHbix (J)JiyKTyaii;HH. TaKyio CBasb nojiynnjiH B. 
Ynpy [3] (^BHJKeHHe ^ByxypoBHeBoro fleTCKTopa c nocToannbiM ycKopeHHeivi) h T. Boiiep [4] 
(TenjiOBbie sc^Dc^DCKTbi ycKopeHHa Hepe3 cjiynaHHyio KJiaccH^ecKyio paflHan,Hio). CBa3b MejK^y 
ycKopeHHeM h TeMnepaTypofl ohh HOJiynnjin b bh^g 

_ ha 

r^e Tyac ^ TCMHepaTypa Ynpy, h - HOCToannaa HjiaHKa, a - ycKopenne ^eTCKTopa, c - CKopocTb 
CBGTa, k - nocToannaa Bojibn,MaHa. 

HHTepnpeTan,Ha 34)4)eKTa Ynpy cjie^yiomaa: ycKopennbiH ^eieKTop HcnbiTbiBaeT conpo- 
THBJieHHe, oGivieHHBaacb cjiyMaflnbiMH HMnyjibcaiviH c BaKyyivinbiMH (J)jiyKTyaii;HaMH. PaSoTa, 
npoH3Bo;i;HMaa BHeniHeii chjioh na npeo;i;ojieHHe 3Toro conpoTMBJienna, o6ecneHHBaeT anep- 
THK), nepe;i;aioiii;yioca nojiio h ;i;eTeKTopy, HcnbiTbiBaioineMy nepexo;i;bi BBepx. 3to KBanTOBbifi 
anajior sc^Dc^DCKTa /IajiaM5epa (flBHJKenHe Tejia b noTeHn,HajibHOM botokg H^eajibHoii >KHflKOCTH) 
H H3JiyHeHHa sjiexTpoMarHHTHbix bojih ycKopennbiM 3apaflOM. 

riOMHMO TOrO, HTO KBaHTOBblH BaKyyM nOJIHOCTbK) CTOXaCTH3HpOBaH (oTCyTCTByiOT flGTep- 

MHHHCTHHecKHe ypaBHeHHa flBH»ceHHa fljia BaKyyMHbix (|)JiyKTyaii;HH), KOHTHHyajien b CHJiy 

CTOXaCTHHHOCTH, XapaKTepH3yeTCa TOJIBKO HHTenCHBHblMH 4)H3HHeCKHMH xapaKTepHCTHKaMH, 

npe^CTaBjiaa co6oh cnjioniHyio cpe^y, cnocoSen k peaKn,HH na BHemnee B03Myiii;eHHe (nojia- 
pH3an,Ha BaKyyMa), oh oGjia^aeT y^HBHTejiBHbiM cbohctbom H36HpaTejibHOCTH — ho pa3H0My 

B3aHM0fleHCTB0BaTb C peajIbHblMH MaTepHajIbHblMH 06pa30BaHHaMH (^eTGKTOpaMH) , B SaBHCH- 

MOCTH OT cocToanna ;i;BH>KeHHa sthx fleTGKTopoB. 

B 1976 r. B. Ynpy (W.Unruh) bbimhcjikji BepoaTHOCTb B036yjK;i;eHHa ;i;ByxypoBHeBoro ;i;e- 
TGKTopa [3], flBH>Kyn];eroca c HOCToannbiM ycKopenneM (rnnepSojiHHecKaa TpaeKTopna), b Ba- 
KyyMe nojia, BsaHMOfleiicTBHe c KOTopbiM onncbiBaeTca jiarpaHJKHanoM L = cm(t)(f)[x{t)], r^e c 
- Majiaa KoncTanTa CBa3H, m - onepaTop MononojibHoro MOMCHTa ^eTCKTopa. Hojie na- 
xoflHTca B BaKyyMHOM cocToaHHH |0 >M (BaKyyM MnnKOBCKoro) . BepoaTHOCTb B035yjK;i;eHHa 
^leTGKTopa 0Ka3ajiacb nponopii;HOHajibHOH njianKOBCKOMy MHOJKHTejiK) 

1 

g27r(E-Eo)/a — 1 ' 
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r^e a - ycKopeime ^eieKTopa, Eq - ocHOBHoe cocTOiiime fleTCKTopa, E - BoaSyjK^eHHoe cocto- 
aHHe fleieKTopa. (S^ecb HcnojibaoBana CHCTCMa efl^uHuu^, b KOTopon h/27r — c — k — 1). 

BepoaTHOCTb B036yjKfleHHa laKoro me fleTCKTopa, flBHJKymeroca paBHOMepno, paBna nyjiio. 

SaMenaTejibHO to, hto b 3tom 34)4)eKTe KBanTOBbie xapaKTepncTHKH BaKyyMa - ^jijktj- 
aii;HH - CBaaaHbi c KBanTOBbiMH xapaKxepHCTHKaMH peajibHofl MaTepHH (fleTeKTopoivi) nepea 
KJiaccHHecKyio xapaKTepncTHKy ycKopenHe. TaK KaK ycKopeHne CBaaaHHoii CHCTeivibi (aTOMa), 
BsaHMOfleiicTByiomeii c flpyroii CBaaaHHoii CHCTeMoii (flpyrHM aiOMOM), aaBHCHT ot hx KBan- 
TOBbix cocToaHHii, TO ynex BsaHMOfleiicTBHa 3thx CHCieM c BaKyyMOM npHBO^HT k noaBjie- 
HHK) B ypaBHeHHax flBHJKeHHa 3THX fleieKTopoB cjiynaHHOH cocTaBJiaiomeii, KOTopaa, b cbok) 
onepe^b, saBHCHT ot cocToanna BaaHMO^eiicTByiomHx CBaaanHbix CHCTeivi. Ecjih jkg xaKne ;i;e- 
TGKTopbi oSpaayiOT cncTeiviy mhophx nacTHii;, to b saBHCHMOCTH ot TeMnepaTypbi CHCTeMbi 
MenaiOTca h hx BsaHMOflelicTBHa, TaK KaK coCToanHa CBaaannbix noflCHCTeM (aTOMOb) H3-3a hx 
CBa3H c BaKyyMOM KoppejinpoBannbi c MaKpocKonHHecKHM cocToanHeM Bceii CHCTeMbi. Hemmh 
cjiOBaMH, TcpMOflHHaMHMecKaa TBMnepaTypa T (MaKponapaMCTp) OKasbibaeTca CBaaaHHoii c 

JTOKajTbHblMH KBaHTOBblMH XapaKTepHCTHKaMH BaKyyMa Tyacj {j - HOMep BJieMeHTapHOH CBa- 

saHHoii CHCTeMbi). Cbaab TepMOflHnaMHHecKOH TCMnepaTypbi, nycTb nenpocTaa, c KBanTOBbi- 
MH XapaKTepHCTHKaMH BaKyyMa yKasbiBacT na to, hto TepMOflHHaMHMecKaa TCMnepaTypa — 
3T0 MaKpocKOHHMecKoe npoaBjiCHHe BaKyyMHbix 4)jiyKTyaii,HH, KOTopbie BHOcaT cjiyHaiiHOCTb b 
MHp peajibHbix ^acTHii, ^epea ycKopenna MHoroypoBHCBbix flCTCKTopoB - HacTHii, - b 34)4)eK- 
THBHbix nojiax. KBaiiTOBbiH BaKyyM, b 3tom cjiy^ae, aBJiacTca tcm caMbiM BHeniHHM k chctcmc 

HCTOHHHKOM CTOXaCTHHHOCTH, KOTOpblH, HO CJIOBaM H.C. KpblJIOBa, CaM HyiKflaCTCa B CBOCM 

o6ocHOBaHHH. Ho B 3(i)(|)eKTe Ynpy ne aajioiKCHO HHKaKHx CTaTHCTHHecKHx npe;i;nojio>KeHHH 

— 3T0 MHCTO KBaHTOBblH flHHaMHMeCKHH 34)4)eKT. H HJiaHKOBCKHH MHOJKHTejIb B BCpOaTHOCTH 

B036yjKfleHHa ycKopennoro flCTCKTopa tojibko yKaabiBacT na to, hto BH3yajiH3aii,Ha BnpTyajib- 
Hbix B03Myin;eHHH KBaiiTOBoro BaRVVMa njra ycKopeiiiioro iia6jno;i;aTejTa hocht CTaTHCTHHCCKHH 
xapaKTcp. 3to cctb (J^yii^aMeriTajibHoe cbohctbo KBanTOBoro BaKyyMa, nofljieiKainee 3Kcne- 
pHMeHTajibHoii npoBcpKe. (HpaMO na noBcpxHOCTH jieiKaT rHnoTe3bi o 3aBHCHM0CTax c^Bnra 
Jl3M6a H CHji Ka3HMHpa OT ycKopeHHH H3yHaeMbix chctcm, h cflBnra Jl3M6a ot TCMnepaTypbi). 
HajiHHHC o6T>eKTHBHoro HCTOHHHKa CTOxacTHHHOCTH, nepcMeinHBaiomero peajibnyio MaTcpnio, 

HOSBOJiaCT CHHTaTb CTaTHCTH^eCKHC 3aK0H0MepH0CTH o6T)eKTHBHbIMH. 

3(i)(i)eKT Ynpy ySe^K^aeT nac b HajiHHHH ecTecTBCHHoro CTOxacTH3aTopa, CBa3b KOToporo 
c peajibHoii MaTepneii ^ejiacT ee ^BHiKeHHa Heo6paTHMbiMH bo BpeMCHH. Chctcmm peajibHbix 
MacTHii,, B3aHM0fleHCTBya c BaKyyMOM Ynpy, nocToaHHO HcnbiTbiBaiOT cjiyMaiiHbie B03Myiii,eHHa, 
c6HBaioiii,He c|)a3y hx flBHJKenHa. A TaK KaK ycKopenna MacTHii, MoryT 6biTb CBa3aHbi c TCMnepa- 

Typoii CHCTCMbl, TO H 3(J)(J)eKTHBHbie B3aHM0;i,eHCTBHa SJieMCHTapHblX COCTaBJTaTOTTl,HX CHCTeMbi 

HMCiOT Koppejiaii;Hio c ee TCMnepaTypoH. Hajinnne CTOxacTH3aTopa, ne no^HHiiaiomeroca o6pa- 

THMblM BO BpeMCHH ypaBHeHHaM flBHiKeHHa, MCHaCT Tpa;i;HIi;HOHHyiO CBa3b MCJKfly MexaHHKOH H 
TepMOflHHaMHKOH. TcHCpb MHKpOCKOHHHeCKHe flBH^KCHHa 3JieMeHTapHbIX COCTaBJiaiOmHX Kop- 

pejinpoBaHHbi c TepMOflHHaMHMecKHM cocToaHHCM. TaKaa caMOCorjiacoBannaa cxcMa no3BOJia- 
CT c/iejiaTb CHCTCMbi MHorHx ^acTHii, e^HHOBpeMCHHO spro^H^ecKHMH, nepeMeiHHBaioiiiHMHca, 
HMeioiiiHMH MeTacTaGiiJibHbie cocToanna, cnocoSnbiMH k (i)a30BbiM nepexo^aM b KoneHKbix ch- 
CTCMax, 4)JiyKTyHpyioiii;HMH. 

HojiHOCTbio BbinojiHeHHaa nporpaMMa nocTpocHHa CTaTHCTHnecKoro aHcaM6jia ^ojiiKHa 
BKjiiOMaTb B ce6a onncaHHe aBjiCHHii Heo6paTHMOCTH, pejiaKcaii,HH, c|)a30Bbix nepexoflOB, mc- 
TacTa6HjibHbix cocToaHHii h c|)JiyKTyaii,HH. 
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Ha cero;i;HamHHH ^enb TaKaa nporpaMMa He saBepmeHa, nosTOMy TpeSyeTca peBHsna neKO- 
Topbix aKCHOM, jiejKamHx B ocHOBe TeopHH CTaTHCTHHecKHx aHcaiviSjieH. 

B03M0>KH0, HTO HCXO^HOG npe^CTaBJIGHHe O SaMKHyTOCTH flHHaMH^eCKHX CHCTGM, HCBOJIb- 

ayeMoe npn nocTpoennH CTaTHCTHnecKHx aHcaiviSjieH, BbiTeKaiomee h3 MOflejiH MaiepHH, cyme- 
CTByiomefl TOJibKO B BHfle peajibHbix nacTHii; h nojieii, ;i;BH>KeHHe KOTopbix aBJiaeTca ;i;eTepMHHH- 
poBaHHbiM, Heo6xoflHMO CKoppeKTHpoBaTb c coBpeMeHHbiM npe;i;cTaBJieHHeM o cymecTBOBaHHH 
MaTepHH B flByx (J)opMax: b peajibHOH h b BHpTyajibHoii (baKyyMHbie (|)JiyKTyan,HH) . 

Bo3MO>KHO, HTO Mcpa (|)a30Boro npocTpancTBa fljia peajibHofl MaiepHH anpHopn CBaaana 
c BepoaTHOCTHOH MepoH H3-3a B3aHM0fleHCTBHH peajibHbix HacTHu, c BaKyyMHbiMH 4)jiyKTya- 
ii;HaMH. Tor;i;a npoii;eflypa nocTpoeHna CTaTHCTHHecKoro ancaiviSjia necKOJibKO OTJinnaeTca ot 
oSmenpHHaTOH. 

O^eBH^HO, HTO pemeHHe ynoManyTbix npoSjieM neoSxoflHMO oSecnenHTb coBMecTHO, h3 
"nepBbix npHHn,HnoB cjie^OBaTejibHO, ^oji^kgh cymecTBOBaTb npHHn,Hn (hjih 3aK0H npHpo^bi, 
flonycKaiomHH stot npHHn,Hn), na ochobg KOToporo bo3mojkho CTaTHCTHnecKoe onHcanHe ch- 
CTGM MHorHx HacTHii;. TaKHM 3aK0H0M npnpoflbi MOJKHO CHHTaTb cymecTBOBaHHe BaKyyMHbix 
(J)jiyKTyaii;HH, cneKTp KOTopbix onpeflejiaeTca flHHaMHHecKHM cocToaHHeivi ^eTeKTopa (peajib- 

HOH HaCTHn,bl). 

JlorH^ecKoe neyfloScTBO nojiy^enHa CTaTHCTH^ecKHx cbohctb h3 ^HHaiviH^ecKHx 3aMKHyTbix 
CHCTCM npoflGMOHCTpHpyeM Ha npocTOM npHMepe. B SojibniHHCTBe KypcoB no CTaTHCTHnecKOH 
(J)H3HKe KaHOHHHecKoe pacnpe^ejieHHe nojiynaiOT h3 MHKpoKaHOHHHecKoro, no^CHHTbiBaa Bepo- 
aTHOCTb HaxojKfleHHa KBa3HH30JiHpoBaHHOH noflCHCTeMbi 3aMKHyT0H CHCTeMbi B onpeflejieHHOM 

flHHaMHHeCKOM COCTOaHHH npH npOH3BOJIbHOM COCTOaHHH ;i;OnOJIHeHHa (TepMOCTaTa) , COB- 

MecTHoro c cocToanHeM no^CHCTeMbi. HpH btom B03HHKaeT jiorH^ecKaa HeyBa3Ka c BBe^eHHeivi 
HeoTpHn,aTejibHOH 4)yHKn,HH ot sneprHH - SHTponHH. B caMOM ^ejie, ecjiH no^CHCTeivia 3aMKHy- 
TOH CHCTeMbi Haxo;i;HTca B HHTepBajie aneprnH Ai?, to h ee ^onojineHne Haxo;i;HTca b TaKOM 
ace HHTepBajie AE, TaK KaK = Es + Ey/, Esw << Eg « E^, rjifi Eq - Bneprna 3a- 
MKHyTOH CHCTeMbi, Eg - SHcprHa noflciiCTCMbi, E\Y - snepriia TepMOCTaTa, Esw ^ Bneprna 
B3aHM0fleHCTBHa noflCHCTCMbi c TepMOCTaTOM, KOTopoH npeneSperaiOT. SnTponiiH noflCHCTCMbi 
S H TepMOCTaTa W aBjiaiOTca BejiHHHnaMH neoTpimaTejibHbiMH, a hx cyMMa - SHTponiia 3a- 

MKHyTOH CHCTCMbl, paBHa HyjIK), CJie^OBaTCJIbHO, SHTpOnilH nOflCHCTCMbl H TepMOCTaTa TaKJKC 

paBHbi HyjiK). TaKHM o6pa30M, HO^CHCTCMa 3aMKHyT0H flHHaMHHecKOH CHCTCMbi Bcer;i;a aBJia- 
CTca flHHaMHHecKOH. Ho Mbi, He HHTepecyacb ee OKpy^KenneM, Ha3HaHaeM en bhtpohhk) ne 
paBHyio HyjiK), KOTopyio, 0Ka3biBaeTca, ^ame mojkho H3MepaTb SKcnepHMCHTajibHO. 

yTBepjK^eHHe O TOM, HTO B OCHOBC CTaTHCTH^eCKHX 3aK0H0MepH0CTeH JieJKHT JIHIHb cy6T.- 

CKTHBHaa HecHOCoSnocTb ocymecTBjienHa MaKCHMajibHO hojihofo onbiTa na^ ^HHaMH^ecKoii 

CHCTCMOii, OHCHb CJIOJKHO HpOBCpHTb B CHJiy JIh6o HeB03M0>KH0CTH oGeCHCHHTb 3aMKHyT0CTb 

HCCJie^iyeMOH chctcmm, jih6o 4)aHTacTHHecKH Gojibmnx BpcMen B03BpaTa HyanKape-U^epMejio. 
Bojiee MarKoe ycjiOBHC oSpaTHMOCTH MaKpocKOHH^ecKHx npon,eccoB hphbo^ht M. CMOJiyxoB- 

CKHH [5|, KOTOpblii nOKa3ajI, HTO B03BpaT MaKpOCKOHH^eCKHX COCTOaHHH CHCTCMbl HpOHCXO- 

flHT MHoro name B03BpaTa MHKpocKOHHnecKHx COCTOaHHH. BnpoHeM, npcMa B03BpaTa Maxpo- 

CKOHHHeCKHX COCTOaHHH CHCTCM C JIHHeHHblMH pa3MepaMH ~ 1 CM HO HpejKHCMy BHC paMOK 

HHTcpBajiOB BpcMCHH flocTyHHbix Ha5jiio;i;aTejiio. Ho ;i;jia chctgm c jinnenHbiMH pa3MepaMH 
~ 0.2 MKM 9T0 BpcMa Hopa^Ka 10"^ c. To ecTb, ^Jia chctcm cpaBHHMoro pa3Mepa mojkho 
HaSjHO^aTb o6paTHMOCTb flH(J)(J)y3H0HHbix Hpon,eccoB. Ha^o ^yMaTb, hto TaKoro njiana skchc- 
pHMCHTbi MoryT 6biTb HOCTaBjiCHbi Ha HHCJieHHbix MO^ejiax, h6o coBpeMCHHaa BbinncjiHTejibnaa 
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TexHHKa TaKyio B03M0>KH0CTb npeflocTaBJiaeT. 

C 4)HJI0C0(J)CK0H TOHKH SpGHHa, npoGjIGMa 060CH0BaHHa CTaTHCTH^eCKOii MexaHHKH Ha 
OCHOBe 06paTHMbIX BO BpeMGHH ypaBHeHHH ^HHaMHKH CHCTeMbI MHOrHX HaCTHU, He aBjiaeT- 

ca npoSjieMoii (|)H3hkh. HpoSjieMOH (J)H3hkh aBJiaeTca nocTpoeHne CTaTHCTHnecKoro ancaiviSjia 
Ha OCHOBe oGijeKTHBHbix saKOHOB HpHpo;i;bi, KOTopbie MoryT BbiTeKaTb TaKJKe h h3 SKcnepH- 
MeHTajibHbix HCCJieflOBaHHH, a ne tojibko h3 ypaBHenHii MexaHHKH. nocjie;i;Haa, b CBoe BpeMa, 
HOCTyjinpoBajia hx na ocHone SKcnepHMeHTajibHoro MaTepnajia. 

HpaBbi aBTopbi oSaopoB [6], [7j h CTaTbH [8j, hto Ba>KHbi CKopee hph^hhm, ho kotopmm 
orpySjienne OHHcanHa CHCTeM ho necyntecTBenHbiM ^HHaMnnecKHM nepeMenHbiM hphbo^ht k 
ypaBHennaM, npaBHJibHO OTo6pajKaioni;HM ;i;eHCTBHTejibHOCTb, neacejiH HOCTpoenne Bce 5ojiee h 
Sojiee H3oni;peHHbix Mo;i;ejieH, cyTb KOTopbix CBo;i;HTca k MeTo;i;y orpySjienna. 

Hto Mbi HMeeM B HTore nocjie BecbMa Tpy^Hbix ^jia BOCHpnaTHa Tpy^OB ho o6ocHOBa- 
HHK) CTaTHCTHHecKoii MexaHHKH MHorHx 6jiecTan],Hx HCCJie^OBaTejien: Bojibn,MaHa, HyanKape, 
L[epMejio, EnSSca, BHpKro(J)a, HenMana, CMOJiyxoBCKoro, XHHHHna, IIIpe^HHrepa, HjiaHKa, 
Borojiio6oBa, KojiMoropoBa, CnHaa, ApHOJib;i;a h flpyrnx Kpynnbix 4)H3hkob h MaTeiviaTHKOB? 

CTaTHCTHHecKaa MexaHHKa, cjie;i;oBaTejibHO, h TepMo;i;HHaMHKa — sto cySteKTHBHbie ot- 
pacjiH 3HaHHa, o5a3aHHbie cbohm cymecTBOBaHHeM npHpo;],HOH HecnocoSnocTH naSjiiOflaTejia 
CTaBHTb Hat^, CHCTeMaMH MHorHx ^acTHu, MaKCHMajibHO nojiHbie onbiTbi. 3to pe3yjibTaT orpyS- 

JieHHa HCTHHHblX ypaBHeHHH flBHJKeHHa, peSyjIbTaT CHen,H(J)HHeCKHH, H03BOJiaiOn],HH HaSjHO- 

flaTb TOJibKO Hepexoflbi b CTopony yBejinnenna shtpohhh. Hpn stom pemenbi Jinnib Bonpocbi 
"Heo5paTHMOCTH"H "pejiaKcaH;HH". 3a SopTOM sthx HOCTpoenHii ocTaiOTca pemenHa o hphhh- 
nax (i)a30Bbix nepexoflOB, o MeTacTaSnjibHbix cocToannax h o 4)jiyKTyaH;H0HHbix 4)opMyjiax. C 
HOfloSnbiMH BbiBO^aMH Tpy^HO corjiacHTbca. 

HoflBO^a HpOMe>KyTOHHbIH HTOr, MOJKHO CKa3aTb, HTO CyGTjeKTHBHblH XapaKTep CTaTHCTH- 

necKOH MexaHHKH, orpaHHHeHHa na ee npHMennMOCTb TOJibKO k o;i;HO(J)a3HbiM cncTeMaM, Jiorn- 
necKaa neoSocHOBaHHOCTb CTaTHCTHnecKHx pacHpe;i;ejieHHH aBJiaiOTca cjie;i;cTBHeM toh Mo;i;ejiH 
MaTepHH, KOTopaa HOJiojKena b ocnoBy saMKHyTbix nsojinpoBannbix CHCTeM. 

B TaKOH CHTyan,HH HoaBjiaeTca Heo6xoflHMOCTb noncKa OTBeia na CToan],He nepe^ CTaTHCTH- 
HecKoii MexaHHKOH Bonpocbi b MO^ejiax Sojiee mnpoKoro Kjiacca, nejKejiH MO^ejib saMKnyToii 

H30JIHpOBaHHOH CHCTeMbI. 

Mo;i;ejib He3aMKHyT0H chctcmm npn pemenHH 3thx BonpocoB SecHJio^na npn o^hom ycjio- 

BHH, HTO BHeniHHii CTOXaCTHSaTOp npHHaflJiejKHT K TOH JKC, HTO H paCCMaTpHBaCMaa CHCTCMa, 

4)opMe MaTepHH. Tor^a, Kax npaBHjibHO OTMcnacT H.C. KpbijioB, ero CTOxacTHHHOCTb caMa 
Tpe6yeT oGocHOBanna. 

Hojiaraa cncTCMy 3aMKHyT0H, oGbihho HCxo^aT h3 Toro, hto b KjiaccHnecKOH MexanHKC 

(bHPOMCM, H B KBaHTOBOH TaKJKc) BSaHMOflCHCTBHe HaCTHH; C BaKyyMOM OTCyTCTByCT. B 3T0M 

CMbicjie BaKyyM npeflCTaBJiacT nycToe npocTpancTBO, Bce 4)H3HHecKHe xapaKTcpncTHKH ko- 
Toporo paBHbi HyjiK). Hmchho sth CBoiicTBa nojioJKenbi b ocnoBy sproflHHCCKHx TCopHH. Ha 
ceroflHaniHHii ^enb TaKHC npe^CTaBjieHHa o BaxyyMC Bbirjia^aT ycTapcBinHMH h Majioco;],ep>Ka- 

TejIbHblMH. 

CymecTBOBaHHe flByx (J)opM MaTepHH peajibHoii h BHpTyajibHOH H03B0JiaeT peniHTb Bonpoc 
o BHemHeii CT0xacTH3aH;HH chctcmm h cnaTb jiornnecKoe B03pa>KeHHe H.C. KpbiJiOBa o nopoH- 
HOCTH TaKoro Ho;i;xo;i;a. 

Cpe^H paSoT HOCJie^nero ^ecaTHjiCTna, otrpobchho yKasbiBaiontHx na neoSxo^HMOCTb 
BHemnero k chctcmc CTOxacTHsaTopa, mojkho yxasaTb na CTaTbio B.B. KaflOMn,eBa [9] h n,HKji 
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CTaTeli rpynnbi C.H. 5lK0BJieHK0, nanSojiee nojinaa 5H5jiHorpa4)Ha KOToporo npHBeflena b [7], 
a TaKJKe na CTporyio no H3Jio>KeHHio h co^epjKaHHio pa6oTy |10) . 

B [9] yGe^HTejibHO noKaaano na mo^gjih TBep^bix mapoB, hto ^jih neoGpaTHMOCTH Hy>KeH 
BHeniHHH K CHCTCMe, cjiyHaHHbiH, cjiaGbiii myivi. Hpn BKJiiOHeHHH BHemnero CTOxacTHnecKoro 
inyMa cncTeivia nepeMeniHBaeTca aa oneHb KopoTKoe Bpeivia. CncTeivia btot xaoTHnecKHH myivi 
ycHJiHBaeT. ^Jia xaoTH3aii;HH CHCTeivibi hgt Heo6xo;i;HMOCTH b nepeflane hjih h3T55ithh SHeprnn, 
flOCTaTOHHO jiHinb Majibix CMemenHii ^acTHu,. HeoSpaTHMOCTb ne CBflsana c HSMeneHHaMH snep- 
THH CHCTeMbi Ha BpeMGHax, SojibniHx BpeMGHH cjiy^aHHoro B03MymeHHfl. 

B paSoTax rpynnbi C.H. 5lK0BjienK0 npoBO^njincb nncjiennbie SKcnepnivienTbi no peKOM- 
6HHan;HH KJiaccHHecKon KyjiOHOBCKoii njiasMbi. OKaaajiocb, hto pejiaKcan;Ha k paBHOBecHOMy 
pacnpe;i;ejieHHio Bojibn;MaHa OTcyTCTByeT ;i;o Tex nop, noKa ne BKJiiOHaeTca BHeninnH CTOxa- 
CTHHecKHH HCTO^nHK. Jlnnib nocjie EKjnonenna TaKoro ncTonnnKa njia3Ma nepexo^njia b co- 
CToanne, b KOTopoM Bbinojinajicfl npHnn,Hn ^eTajibnoro pannoBecna, to ecTb, b paBnonecnoe 
cocToanne. 3th HHCJiennbie SKcnepnMenTbi BnpflMyio yKasbinaiOT na to, hto neoSpaTnMbiii ne- 
pexo^i; K paBHOBecHOMy cocto5ihhio BOSMOiKen tojibko b OTKpbiTbix CHCTeiviax. 

B [To] BecbMa acno noKaaano, hto MeTOfl Borojiio6oBa, npHBJieKaeMbin fljia nocTpoenna kh- 
neTHHecKnx ypannennn na n,enoHKn 3an,enjiflion],nxcfl ypannennn BorojiioSoBa - Bopna - Fpnna 
- KnpKBy^a - HBona (BBFKH) npe;],CTaBjiHeT neflnnyio onepan,nio pacRpbiTna CHCTeMbi n bbg- 
flenne cjiaSoro nnemnero CTOxacTn^ecKoro myMa. TaKnM oSpaaoM, n^ea KaflOMn,eBa o CBaan 
neoSpaTHMOCTH c OTKpbiTbiMH CHCTeiviaMH npoaBJiaeTca b paajinnnbix MaTeiviaTHHecKHx no;i;xo- 
flax nojiyHenna KHneTHHecKHx ypaBneHnn. C.H. Fop^^HeHKO, aBTop paSoTbi |T0], ncnojibsyeT 
fljia nocTpoenna KHneTHHecKHX ypaBHennn mgto^, b KOTopoM ncKJiiOHaiOTca h3 paccMOTpenna 
nacTnn,bi cncTeMbi, nMeiomne Majibie ycKopenna. To ecTb, BaanMO^encTBne neKOTopbix nacTnn, 
c BnemnnM OKpyjKenneM cnjibnee, neM c nacTnn,aMn, npnnaflJie>Kan],nMn cncTeMe, hto npnno- 
flHT K OTSopy onpeflejiennoro Tnna pemennH fljia 4)yHKn;HH pacnpe;i;ejieHHa, nocjie Mero yneT 
BJinanna BneniHero myivia no Teopnn B03Myin;eHHH npnBOflHT k neoGpaTHMbiM KHneTHHecKHM 
ypaBHennaM. KaK no;i;HepKHBaeT FopflHeHKO, hctohhhk "myMa"npHcyTCTByeT b 3a;i;aHe, ho na- 
xoflHTca B caMOH cncTeMe. TeM ne ivienee, 3tot Bnemnnn "myM"ny>KflaeTca b oSocnonannn, to 
ecTb, neo6xoflnMO yKa3aTb (|)n3nnecKnH ncTonnnK SToro myMa. 

Bnemnnii CTOxacTn3aTop, npnnaflJie>Kan],nH k MaTepnn b (|)opMe OTjinnnon ot peajibnon, 
pemaex npoSjieMbi neoSpaTHMOCTH, pejiaKcan;HH n (J)jiyKTyan;HH. Ero Hajinnna flocTaTOHHO fljia 
Toro, HTo5bi CHCxeMa cxajia KBa3H9pro;i;HHecKOH n nepeMemHBaioni;eHca, a, cjie;i;oBaTejibHO, fln- 
naMHKa cncTCMbi 0Ka3ajiacb CBa3annoH c nepoaTnocTnbiM pacnpe^ejienneivi. Tgm ne Menee, on 
Bcero jinnib npe^CTanjiaeT ajibTepnaTHBy cy6T>eKTnBnoMy no^xo^y, ocTanjiaa b CTopone Bonpoc 
o 4)a30Bbix nepexo^ax n MGTacTaSnjibnbix cocToannax. 

EcjiH nojiojKHTb, HTO BCG CTaxHCTHMecKHe CHCTeMbi HOCToanno no;i;BepraiOTca cjiynannbiM 
B03;i;eHCTBHaM, TO ecTb, nepeMeniHBaiOTca, to ochobhoh saj^anem CTaTHCTHHecKon MexannKH 
CTanoBHTca KoppcKTnoe nocTpoenne CTaTncTnnecKoro ancaMSjia, a fljia oSocnonanna CTaTn- 
CTnnecKOH MexannKH flocTaTonno yKa3aTb nocToanno flencTByromnn cjiynannbin ncTonnnx, 
B03Myiii,aioiii,nH cncTCMy. Hpn stom cnoncTna CTOxacTn3aTopa ^ojiJKnbi SbiTb Koppejinponan- 
HbiMH c MaKpocKonnnecKHM cocToanncM chctcmm. B npoTHBHOM cjiynae, ^nnaMnKa chctcmm 
ne 6y;i;eT CBa3aHa c ee MaKpocKonnnecKHM cocToanneM, h Tor;i;a b cncTeMe HeB03M05KHa pea- 
jiH3aii;Ha MCTacTaSnjibHbix ^as. 

HTaK, no^nepKncM eiii,e pa3, htoGm cpe^n MnKpocKonnnecKnx cocToannn pannoBCcnoro CTa- 
TncTnnecKoro ancaM6jia npncyTCTBOBajin cocToanna MCTacTaGnjibnbie, ^nnaMnnecKaa (|)ynK- 
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ii;h5i raMHJibTOHa cncTeMbi ^ojiJKHa saBHceTb ot TeivinepaTypbi KaK ot napaivieTpa h 5biTb mho- 
rosHaHHoii (J)yHKn,HeH TeivinepaTypbi. /Jjia BToro BHeniHHH hcto^hhk CTOxacTH^nocTH flOJi>KeH 
6biTb KoppejiHpoBan c MaKpocKonH^ecKHM cocTOHHHeM CHCTeMbi. A 3T0 ycjiOBHe y>Ke cjiyjKHT 
HeKOTopbiM npaBHJiOM OTSopa KaH^H^axoB na pojib TaKoro CTOxacTHaaxopa. HesaBHCHMbiii ot 
cocToaHHa CHCTeivibi cneKTp BHeniHHX, cjiynanHbix B036yjK;i;eHHH ne MOJKeT npHBecTH k noaB- 
jieHHK) MeTacTaGnjibHbix cncTeivi, o;i;HaKO, npoGjieivibi neoGpaTHMOCTH h pejiaKcaii;HH pemaeT. 

B TeopHHx 5e3 KBanTOBoro BaKyyMa hctohhhk CTOxacTHHHOCTH yxaaaTb HeB03M0>KH0, Tax 
KaK ^BHJKeHHe MaTepHH B HHx nofl^HHaeTca flH(J)(J)epeHn,HajibHbiM ypaBHennflM, oSpaTHMbiM bo 
BpeMeHH. 

HeoSxoflHMO noflHepKHyTb, hto cymecTBOBaHne CTOxacTHHHOCTH b sjieMenTapnoM aaKone 
npnpoflbi (baKyyM ycKopeHHbix CHCTeM Ynpy), CTOxacTHHHOCTH KoppejinpoBaHHofi c cocto5ihh- 
eM peajibHOH MaTepHH, Kap^HnajibHO Menaei ycjiOBna opraHH3an,HH CTaTHCTH^ecKoro aHcaiviSjia 
rnSSca. 

HsSnpaTejibHoe no OTnomennio k ycKopennbiM n neycKopennbiM ^eTeKTopaivi cbohctbo Knan- 
TOBoro BaKyyMa nosBOJiaei c(|)opMyjiHpoBaTb npHHn;Hn o6paTHOH CBaan, cmmcji KOToporo aa- 
KJiionaeTca b tom, hto MHKpocKonHHecKne B3aHMo;i;eHCTBHa CBaaanHbix sjieMenTapHbix cocTaB- 
jiaiomnx CHCTeMbi Koppejinponannbi c MaKpocKonnnecKHM cocToanncM OKpy>KenHaJl] 

CymecTBOBanne Bnemnero CTOxacTnaaTopa MenacT ycjionna KBaannaojiaitnn chctcmbi, neo6- 
xoflHMbie fljia noflcneTa nepoaTnocTn MHKpococToanna. Tenepb, Bbi^ejiennaa naMn cncTCMa 
nacTHii;, HMCioinHX sjieKTpoMarHHTHyio CTpyKTypy, Mcnaiomyioca b npoii;ecce BsaHMOflencTBiiH 
nacTHii;, HaxoflHTca bo BHeniHeM nojie peaKii;HH cnjioniHon cpe^bi, KOTopoe aaBHCHT ot Tcp- 
Mo;i;HHaMHHecKoro cocToaniia cpe;i;bi ii BJinacT na MnKpococToanna CHCTCMbi. To ecTb, caMH 
MHKpococToanna chctcmm Tenepb aanncaT ot nnTcncnnnbix TepMO^nnaMnnecKHx xapaKTcpn- 
CTHK OKpy>KenHa. 

B Tpa;i;Hii;HOHHOH CTaTiiCTHHecKon MexaniiKe npn oniicaHiiii KOHfleHCiipoBanHbix cpe^ hc- 
nojibsyiOTca 34)4)eKTHBHbie noTeni^iiajibi BsaHMOflencTBHa nacTHii;, paccHHTanHbie no ypabne- 
HHK) IIIpeflHHrepa fljia nap MOJiCKyji hjih aTOMOB b BaKyyMC. 3th noTeni^najibi abJiaiOTca ko- 
poTKOflencTByiomHMH, nTO nosBOJiacT CTpoHTb ancaM5jib FnSSca ^Jia KBaannaojinpoBannbix 
CHCTCM, BsaHMO^encTBHeM KOTopbix c TcpMOCTaTOM npcneSpcraiOT. KpoMC Toro, noTenn,Ha- 
jibi B3aHMo;],eHCTBHa TaKJKC MOflCJinpyiOT B BH^e cyMMbi OTTajiKHBaiomero n npnTarnnaiomero 
noTeHn;HajiOB. CymecTBennbiM orpannHenneM abJiacTca to, hto sth noTeniinajibi CHHTaiOTca 
HenaMeHHbiMH fljia Bcex (J)a3 n npe^CTaBJiaiOT coSoii KopoTKOflencTByiomHe noTeniinajibi B3a- 
HMO^eiicTBHa Tonennbix SeccTpyKTypnbix nacTnn,. Hpn stom npe^nojiaracTca, nTO BjinanncM 
OKpyjKcnna na napnbin noTenn,Haji (MnoronacTnnnbin 34)4)eKT) mojkho npeneSpe^b. HMcnno 
3T0 ycjiOBHC, HcnojibaycMoe npn KBa3HH30Jian,HH chctcmbi nacTnn, ot TcpMOCTaTa, n anjiacTca 
npHHHHon ncKjnoHenna MCTacTaGnjibHbix cocToannn h3 nncjia MnKpococToannn paBHOBCcnoro 
CTaTHCTHMCCKoro aHcaM6jia. O^naKO, b npoTHBOBCC BTOMy, SKcnepnMenTajibHO naSjiioflaeMoe 
npcMa >KH3nH MCTacTaSnjibnbix cocToannn nepeoxjia>KflennoH >KHflKOCTH bo Mnoro pa3 npenoc- 
xoflHT npcMa fla>Ke rnflpoflnnaMnnecKoii pejiaKcan,HH, tcm caMbiM, OTnoca MeTacTaSnjibnbie co- 

^MojKHO npe^nojiojKHTb, hto h 6eccTpyKTypHbiii ycKopenHbiii ^eTeKTop TEKJKe BsaHMO^eiicTByeT c BaxyyM- 
HbiMH (JjjiyKTyaiiHHMH (b ycKopeHHOH CHCTeMe OTC^eTa fljia ^acTH BaKyyMHbix (jajiyKTyaiinii BOCCTanaBjinBaeTCfl 
cooTHomeHHe neonpeflejieHHOCTeii Ai?At > h/A) h pesyjibTaTOM aBjiaeTca HSJiyHenne KBaHTOB cooTBeTCTBy- 
lomero nojifl, nanpHMep, H3JiyHeHHe 4)otohob ycKopennbiM sapa^OM. (Hjih Taxoe HSJiyHenne yxasbiBaeT na 
HajiHHHe CTpyKTypbi y sjieKTpona). B TaxoM cjiy^ae, hcto^hhk CTOxacTHsaiiHH pa6oTaeT Bcer^a, a ne tojibko 

npn B03HHKHOBeHHH CBa3aHHbIX COCTOflHHii. 
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CToaHHa K paBHOBecHbiM, HO He ycTOHHHBbiM no OTHomeHHK) K MajibiM B03Myin;eHHaM. Ycjiobh- 
eM BKjiiOMeHHfl MeTacTa6HjibHbix cocToaHHii b mhcjio cocToaHHii paBHOBecHoro CTaTHCTHHecKoro 
aHcaM6jia aBjiaeica yneT BsaHMOfleiicTBHa MacTHn, naflejienHbix ajieKipoMarHHTHoii cipyKTy- 
poH, (nanoMHHM, hto KyjiOHOBCKne BsaHMO^eiicTBHa aBJiaiOTca ^ajibHO^eiicTByiomHMH), co cto- 
xacTH3HpoBaHHOH, cjie;i;oBaTejibHO, cnjioniHOH, OKpyjKaiomeH cncTeiviy cpefloii. B caiviOM ^ejie, 
ecjiH cpe^a CTOxacTHaHpoBana, to mm ne mojkgm pacciviaTpHBaTb ee KaK ^HCKpeTHyio na BpeMe- 
nax H MacmTa6ax 6ojibmHx xapaKTepnoro MacmTa6a 4)JiyKTyan,HH. 3tot MacmTa6 aaBHCHT ot 
MHCJia HacTHu, B B03MymaeM0H CHCTCMe, no3TOMy, B CHjiy cooTHomeHHa 1 <C Ns <C -/V^, r^e Ns, 
- HHCJia HacTHu, b CHCTeMe h b TepMOCTaTe, cooTBeTCTBenHO, CHCTeMa "BHflHT"TepMOCTaT 
KaK cnjioniHyio cpe^y, xapaKTepnayeMyio HCKjnoMHTejibHO HHTencHEHbiMH TepMOflHHaMHHecKH- 
MH napaMeTpaMH. HivieHHO no 3toh npHMnne BsanMOflencTBHe cncTeivibi c TepMOCTaTOM mojkgt 
6biTb yHTeno TOJibKO b c|)opMe BaanMOfleiicTBHa c nojieM peaKn,HH TepMOCTaTa na HSMeneHHe 
BHemnero nojia cncTeMbi npn HSMenenHH BaaHMOfleiiCTBHH uemjiy HacTHn,aMH cncTeMbi. 3to 
H ecTb o6paTHaa CBasb. BaaHMOfleiicTBHe cncTeMbi c TepMociaTOM peajinayeTca Hepea flajibno- 
flencTByion^He KyjionoBCKne cnjibi 3apa>KeHHbix cocTaBJiaioni;Hx axoMOB n MOJieKyji, a ne nepea 
34)4)eKTHBHbie noTeHn;Hajibi napnoro BaanMOfleiicTBHa MOJieKyji b BaKyyivie. HosTOiviy cncTeivia 
BaaHMOfleiicTByeT co bcbm TepMOCiaTOM b n,ejiOM. 3to ycjiOBne ipeSyeT, npejKfle Bcero, onpe^e- 
jiHTb 34)4)eKTHBHyio 3HeprHio BaaHMOfleiicTBHa CHCieMbi c TepMOCTaTOM, aaBHcamyio ot xeivine- 
paxypbi, H npoBecTH npon,eflypy nepenopMnpoBKH - KBa3HHaojian,HH cncTeMbi ot TepMOCTaTa. 
/lajiee, KaK o6biHHO, CTpoHTca KanoHH^ecKoe pacnpejiejTeiiHe rnSSca. 

B cjieflyion^en rjiase na ochobg naBecTnoro SKcnepnivieHTajibHoro iviaTepnajia, paccMaTpnBa- 
eMoro nofl yrjiOM tohkh apenna o aaBHCHMOCTH MnKpocKonnnecKHx BaanMO^encTBHii nacTHn; ot 
MaKpocKonHMecKHx xapaKTepncTHK, npHBe^eM naBOflan^ne coo6pa>KeHHa h KOHKpeTHbie npn- 
Mepbi, HjiJiiocTpHpyion],He BbimeHajioJKenHyio KOHn,enn,Hio npnMHH MeTacTa6HjibHbix cocToanHii. 

BbiBO/1, MO^H4)Hii,HpoBaHHoro pacnpe^ejiGHHa Tm66ca 

Bbime Mbi H3JT0>KHJTH KOHii;enn,Hio o5 o5T>eKTHBHOM HCTOHHHKe CTOxacTHHHOCTH - BaKyyMe Yh- 
py, KOTopbiH noaBOJiaeT c^HTaTb TepMOCTaT nojinocTbio CTOxacTHanpoBanHbiM, ^to Ka^ecTBen- 
HO MenaeT ycjiOBna opraHHaan;HH aHcaM6jia FuGGca. Hpn CTOxacTHaan;HH TepMOCTaTa 34)4)eK- 
THBHbiH raMHJibTOHHan CHCTeMbi CTanoBHTca aaBHcani;HM ot TepMO^nnaMnnecKHx xapaKTepn- 
CTHK (b nepBVTO onepeflb, ot TeivinepaTypbi) , hto npHBo;i;HT k Mnoroana^nbiM MepaM FnGSca. 
Hh^kb Mbi npHBG^eM coo6pa>KeHHa, noaBOJiaiOTTtHe CHHTaTb npHHn,Hn oSpaTHoii CBasH a/ieKBaT- 
HbiM npn nonbiTKax BRjuoHenna MeTacTaSnjibHbix cocToannii b cxeMy KanoHHHecKoro ancaiviSjia 
rH66ca. 

SaBHCHMOCTb 34)4)eKTHBHbix noTeHn;HajiOB BaanMO^eiicTBHa nacTHn; b KOHflencHpoBanHOH 

cpefle OT TeMnepaTvpbi cjTe;i;yeT n na SKcnepnMenTajrbno Ha6jiioji;aeMbix 4)aKT0B. B caMOM ^lejie, 
aBjieHHe 4^a30Boro nepexo^ia Bcer,T,a conpoBO>K,T,aeTca naMeneHHeM npocTpaHCTBeHHon CHMMeT- 
pHH H CTpyxTypbi npn njiaBjiennH, h CTpyKTypbi npn nepexo^e jKH^KOCTb - raa. 

3a CTpyKTypy cncTeMbi OTBeTCTBennbi noTeHn;Hajibi BaanMO^eiicTBHa, no3TOMy mojkho 
npe^nojiojKHTb, hto npn c|)aaoBOM nepexo^e noTeHn;Hajibi BaanMOflencTBHa peaKO MenaiOT cbok) 
CTpvKTvpy (nepBaa "no;];cKa3Ka"npHpo;i;Li). 

CpaBHeHHe pa^najibKbix 4jyHKixHH pacnpe^^ejienna /ura KpHCTajiJiOB h >KHflKOCTeH ^jia Bcex 
Bein,ecTB Sea HCKjHOHenna npHBo;],HT k BbiBO^y o noaBjiennn naSbiTKa MOJiexyji uemjij 1-oii 



13 



H 2-OH KOop;i;HHaii;HOHHbiMH c4)epaMH fljia jkh;i;kocth (BTopHHHaa CTpyKTypa) pjj. 3to ot- 
^eTjiHBO BH^HO Ha SKcnepHMeHTajibHbix KpHBbix 4)yHKn,HH napnoro pacnpe^ejienHa ^acTHu, b 
JKH^KOCTH |12) . TaK KaK B HyjiGBOM npH6jiH>KeHHH pa^HajibHaa 4)yHKn,Ha pacnpe^ejienHa npo- 
nopii;HOHajibHa (J)aKTopy exp{—U{r)/kT) |T3j, r;i;e U{r) - noTeHii;Haji napnoro BsaHMOfleflcTBHa 
MOJieKyji, saKJiiOHaeM, hto npn njiaBJiennH noTeHii;Haji napnoro BsanMOflencTBna npeTepnesaeT 
nsMenenne ot noTenn;najia c o;i;nnM MnnniviyMOM k noTenn;najiy c ;i;ByMa MnnrnviyMaivin (sTopaa 
"noflCKa3Ka"npHpoflbi) . 

CyMMHpya Bbime CKaaannoe, npnxo^HM k BbiBO^y, ^to 3(|)(J)eKTHBHbie noTeHn,Hajibi Bsan- 
MOfleiicTBHa, o flpyrnx hgt pe^n, saBHcaT ot TepMO^nnaMH^ecKHx napaivieTpoB, h hmghho ohh 
onpe^ejiaiOT cJjaaoBoe cocToanne cncTeMbi. 

Ha pncH] npnBe;i;en KanecTBennbin snfl napnbix noTenn;najiOB BsanMOfleiicTBna MOJieKyji b 
KpncTajiJie n b jkh^kocth, cooTBeTCTBenno. To ecTb, ^HnaMHKa MOJieKyji b KpncTajiJie n b >KHfl- 
KOCTH Kap^nnajibHO pasjinnna no paanyio CTopony ot TeMnepaTypbi 4)a30Boro nepexo^a. Hpn 
3T0M, oneBH^HO, ^TO 3TH noTeHn,Hajibi aBjiaiOTca 4)yHKn,HaMH TeMnepaTypbi, hto no^TBepjK^e- 
no BKcnepnMenxajibnbiM (J)aKTOM aaBncniviocTn ot TeMnepaTypbi CKpbiTon TenjiOTbi nepexo;i;a. 



Ucr(R) ^ 



R 




Pnc. 1: noTeHn,Hajibi napnoro Baano^encTBHa: a) - b KpncTajiJie, b) - b >kh;i,kocth. 

/Jjia BbiBOfla Kanonn^ecKoro pacnpe^ejienna EnSScy noTpe6oBajiacb KBa3HH30Jian,Ha cncTe- 
Mbi H 3Ta npoSjieMa Sbijia pemena npHnjienenneM TpeSonanna KopoTKOflencTBna MejKMOJieKy- 
jiapnbix CHJi, HTO npnsejio k ycjiosnaM 

K iVs < iVw/ , (1) 

Usw <^Hs<^Hw, (2) 

r^e Ns, Nw ^ nncjia nacTnii, b cncTeMe n b TepMOCTaTe, cooTBeTCTBenno, Usw ^ sneprna 
BaanMOflencTBna cncTeMbi c TepMOCTaTOM, Hs - aneprna cncTeMbi, i^vK ^ Bneprna TepMOCTaTa. 

OTMeTnM ein;e paa, hto KopoTKO^eiicTByion^ee BsanMOflencTBne MOJieKyji, nanSojiee nacTO 
HcnojibayeMoe b aa^anax CTaTncTn^ecKon MexannKn, npe^CTaBJiaeT co5oh B3anMo;i;eHCTBne 5ec- 
CTpyKTypnbix Tone^nbix nacTHii,, o^no n to >Ke ^Jia Bcex BoaMO>Knbix 4)a3. ^pyroro Tnna 
BaanMO^encTBHa bo^th nnKor^a ne paccMaTpnBaiOTca. Hpn stom cjie^yeT ynecTb, hto KopoT- 
KO^eiicTBHe 34)4)eKTHBnbix MejKMOJiexyjiapnbix noTenn,HajiOB aBjiaeTca cjie^CTBHeM bojiboboto 
npnnii;nna, a ne o6T.eKTnBnoH flannocTbio na Bce cjiynan n BpeMena. 
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Hmghho TpeSoBanne Usw ^ Hs flejiaeT ^HHaMHKy CHCTeivibi HeaaBHcaineli ot cocToaHna 
TepMOCTaia h HCKjiio^aeT MeTacTa6HjibHbie cocTOHHHa h3 MHO>KecTBa MHKpocKonH^ecKHx co- 
CToaHHH paBHOBecHoro aHcaiviSjia. 3to TpeSoBanne BecbMa >KecTKoe h nenpHMenHMO k (J)yH^a- 
MeHTajibHbiM ;i;ajibHo;i;eHCTByioiii;HM BsaHMOfleflcTBHaM, hto flejiaeT ymepSnbiM CTaTHCTHHecKoe 
onHcaHHe cncTeivi, BOo6iii;e roBopa, cocToamnx h3 aapajKennbix nacTHii;. 

SaivieHHM jKecTKoe TpeSoBaHne ([2|) Menee jkcctkhm 

Usw r^Hs<^Hw. (3) 
^jia CHCTGM MaKpocKonHHecKHx pasMepoB 3T0 osHanaeT flajibHo^eiicTBHe. KBasHsaMKHyToii 

CHCTeMOH B 3T0M CJiyHae MOJKeT 6bITb TOJIbKO CHCTeiVia C SeCKOHeHHbIM paSMepOM, TO ecTb 
TepMOCTaT. 

HiaK, nycTb BbinojiHeno ycjiOBne ([3]). Tax KaK Usw ^ Hw, to TepMOCTaT mo>kho paccMaT- 
pHBaTb KaK KBa3HH30JiHpoBaHHyio CHCTGMy, fljia KOTopoH cymecTByGT 4)yHKn,Ha pacnpe;],ejieHHa 
rnSSca fwiiQw}, {Pw}',Tw), r^e qw - KOopflnnaTbi ^acTHu, TepMOCTaia, pw ^ HMnyjibCbi, Tw 
- TCMnepaTypa. 

YcjiOBHe KBa3HH30Jiaii;HH fljia ;i;ajibHOfleHCTByioiii;HX chji BbinojiHeno TOJibKO npn ycjiOBHH 
Nw — i> oo, Vw oo, a (|)yHKii;Ha 3aBHcaiii;aa ot 5ecKOHeHHoro nncjia nepeivieHHbix, hocht 
(J)opMajibHbiH xapaKTep. 

YpaBHeHHa flBH>KeHHa nacTHn, b CHCTeMe h b TepMOCTaie, b CHjiy ycjiOBHa ([3]), hmgiot bh^ 



n„ — -9Hs_ _ dUsw ( _ _dHv 

- dqs dqs I ^'^ 

) 

n — dHs I X _ dHw 

Is - ^ y iw - ^ 



(4) 



HpH ^ajibHO^eiicTByiomHx B3aHM0fleHCTBHax Bpeivia MejK^y CTOJiKHOBGHHaMH flByx jiioSmx 
MacTHii; B CHCTeMe oSpaTHO nponopii;HOHajibHO nncjiy nacTHii; 

Ts ~ , Tw ~ N^^ , (5) 

rfle Tsi Tw - cpeflHHe BpeMena MCJKfly CTOJiKHOBGHHaMH ;i;Byx jiioSbix nacTHii; b H30JiHpoBaHHbix 

CHCTCMaX S H W . 

B CHJiy cooTHomeHHa Ns <^ Ny/ HMeeivi ts ^ Ty/, nosTOMy ypaBHCHHa ((41) mojkho ocpefl- 
HHTb no HHTcpBajiy BpcMCHH T {tw ^ t ^ Tg). Ho onpe^ejiCHHio, nepeMeHHbie qw h pw 
jiaiOTca cjiynaftHbiMH. BpeMa MOK^y CTOJiKHOBCHHaMH CHCxeivibi c TepMOCxaxoM b CHjiy xoro, 
^To CHCTCMa S B3aHM0fleHCTByeT CO BCCM TepMocxaxoM, nopaflKa Tw- BpeMa r ne ecib Bpe- 
Ma ycxanoBJieHHa xenjiOBoro paBHOBCcna MejK^y chctcmoh h TepMOCTaTOM. 3to xapaKTcpnoe 
BpeMa nepecTpoHKH SHeprnn B3aHM0fleHCTBHa nacTHii; b S Mcxcfly coSoh H3-3a H3MeHeHHa B3a- 
HMO^eficxBHa S c xepMOCxaxoM. TaK KaK xepMOCxax naxo^nxca b bojihom xepMO^HHaMnnecKOM 
paBHOBCCHH, Kor^a Bce pejiaKcan,HOHHbie npon,eccbi y>Ke 3aK0H^HjiHCb, xo 3a BpeMa r xepMO- 
cxax no6biBaex jinnib b cocxoannax npe^cxaBjiaiomHx paBHOBecnoe pacnpe^ejienHe. Ycjiobhc 
npHMeHHMOCTH sproflHHecKOH rHnoTe3bi Tpe6yeT Jinnib MajiocTH BpeMenn MCJKfly ctojikhobc- 

HHaMH CHCTCMbl C TCpMOCTaTOM HO CpaBHCHHIO CO BpeMCHeM MCJKfly CTOJIKHOBCHHaMH HaCTHIi; B 

S (BpeMa HaSjiiOfleHHa) , a bto BbinojiHCHO (r^y ^ Ts). Hcnojib3ya 3pro;i;HHecKyio rHnoTe3y, 3a- 

MCHHM OCpeflHCHHe BO BpeMCHH T ypaBHCKHH flBH>KeHHa ^ OCpeflHCHHeM no anCaMSjIK) CHCXCM 
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W, npe^CTaBJieHHOMy 4)yHKii;HeH pacnpe^ejieHHsi fwiiQw}, {pw}',Tw)- Tor^a 

(6) 



r)„ ^ _ dUsw({qs};Tw) 

dqs dqs 



ys dps ■ 

B9C/sw({'7sl;rw) " CI 

ejiHHHHa dqs flaeT cpe^Hioio CHJiy, fleHCTByioinyio na HacTHii,bi b o co CTopoHw 

TepMOCTaia, corjiacoBanHyio c flBHJKenHeM MacTHu, b S. OcpeflneHHe no (|)yHKn,HH hocht 
c|)opMajibHbiH xapaKTep, yKasBiBaa jiHinb na to, hto TepMOCTai cjie^yeT CMHTaib cnjioniHoii 
cpeflOH, a BejiHHHHy Usw{{(ls}',Tw) - SHeprneii B3aHMo;i;eHCTBHa CHCTeMbi S c nojieM peaKii;HH 
TepMOCTaTa na HaMeneHHe BHemnero nojia CHCTeivibi S. 

HfleojiorHa cpe^nero nojia TpeSyei nacTb sneprHH BsaHMOfleiicTBHfl S c TepMOCTaiOM othb- 
CTH K TepMOCTaTy, KaK cpeflHee nojie, na (|)OHe KOToporo flBHJKeTCfl CHCTeMa (nepenopMHpoBKa 
ypoBHfl OTCMBTa 3HeprHH). B HacTHOCTH, ecjiH CHCTeMa HaxoflHTca B TepMOflHHaMHHecKOM paB- 
noBecHH c TcpMOCTaTOM, Momno, onaTb-TaKH 4)opMajibHO, bbccth ^jhku,wo pacnpe^ejienHa 
/Few o6'be;iHHeiniOH cncTeMbi S (BW n BbinncjiHTb cpe^nioio aneprHio BsaHMO^eiicTBHa, npn- 
xoflamyioca na nacTHn,y b S (BW 

{Usw{T)) ^ {Ns + Nw)-' J Uswff^wd^s^w, (7) 

r^e Tsi^w ^ 4)a30Boe npocTpancTBO o6T>e^HHeHHOH CHCTCMbi S ®W. 

BejiHMHHy Esw{T) = lim Nw{Usw{T)) Heo6xoflHMO othccth k TcpMOCTaiy, Tor^a 

Hs^ffiiqs}, {Psh T) = Hs{{qs}. {ps}) + Usw{{qs}\ T) - Esw{T) (8) 

npe^CTaBJiaCT 3C|)C|)eKTHBHbIH raMHJIbTOHHan KBaSHHaOJinpOBaHHOfi CHCTCMbl 'S'e//, KOTOpblii 3a- 
BHCHT OT HHTCHCHBHblX XapaKTCpHCTHK TCpMOCTaTa KaK OT napaMCTpOB. 

3c|)c|)eKTHBHbiH raMHJIbTOHHan Hs^ff KoppejinpoBan c TepMOflnnaMH^ecKHM cocToanncM 
TepMOCTaTa (b paBHOBecnn c TepMO/iHnaMHMecKHM cocToanncM CHCTCMbi). Ilepexo.T, k TcpMO- 
flHHaMHHecKOMy npe;i;ejiy — > cxo, Vw oo, = const ocymecTBJien b TepMOCxaxe ^o 
nocTpoBHHa (i)yHKn;HH pacnpe;i;ejieHHa fs^ff IIomhmo TeMnepaxypbi, cocToanne TepMOCTaia mo- 
JKCT xapaKTepH30BaTbca TaxjKe HHTCHCHBRbiMH napaMCTpaMH {Aj} BHeniHHx k chctcmc nojieii, 
KOTopbie, B036y>Kflaa onpeflejienHbie CTenenH CBo6oflbi b chctcmc S, MoryT McnaTb aneprHio 
B3aHM0,T,eHCTBHa Me>K,T,y nacTHn,aMH CHCTCMbi, cjTe;i,OBaTejibHO, h 4)a30Boe cocToanne. 

3c|)c|)eKTHBiio, CHCTeMa 5*, HMCiomaa xoiieniioe hhcjio nacTHii, Ng, oSjia^xaex 6ecK0iieHHbiM 
HHCJiOM cxeneneM CBoSoflbi sa cnex ynexa cxeneiieH CBo6oflbi xepMOCxaxa. Ona TaKJKC 34)(|)eK- 
XHBHO KBa3HH30JiHpoBaHa OX xcpMOCxaxa (raMHJibxoHHan Hs^^f ne 3aBHCHx aBHO ox ^HnaMHHe- 
CKHx nepeMeHHbix xepMOCTaTa {qw} h {Pw}) c noMombio npon,e/T],ypbi ocpeflHenna no CTcnenaM 
CBo6o,T,bi TepMOCTaTa n nepenopMnpoBKn sneprnn. JJ^jih TaKoii 3(J)4)eKTHBHOH cncTCMbi ycjroBna 
FnSSca BbinojineHbi, h cncxcMa S^ff mojkct Sbixb npe^cxaBJiena 34)4)eKXHBHbiM ancaMSjiCM 

fs^ffUQsh {ps};T, {A,}) = Zs^^^e ^ , (9) 

rfle Zs^ff - cxaTHCTHnecKaa cyMMa fljia 34)4)eKTHBnoH cncTCMbi Seff- 
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B CHJiy HejiHHeHHoii CBaan ^HHaMHKH nacTHii; b S c TepMOflKHaMH^ecKHM cocToaHHeivi, 4)yHK- 
n,Ha -f^Se// MO>KeT SbiTb HeoflHoanaHHOH (J)yHKn,HeH TeivraepaTypbi, KaK cjie^CTBHe, HeoflHoanaH- 
HOH no TeMnepaxype CTanoBHTca h Mepa FnGGca. 

OTMeTHM, HTO npHHii;Hn cooTBeTCTBHa BbinojiHen, t.k. npn npeneSpejKeHHH SHeprnen B3a- 
HMo;i;eHCTBH5i CHCTeMbi S c TepMOCTaTOM no cpaBnennio c BHyTpennen sneprnen cncTeivibi (l9j) 
aBTOMaTHHecKH nepexo;i;HT b pacnpe^^ejienne FnGGca fg . 

YcjiOBne Ns ^ 1 nnr^e ne ncnojibsyeTCH. Panee ono TpeSonajiocb ^jih Toro, ^toSm c^e- 
jiaTb CHCTeMy KBaannaojinpoBannon ot TepMOCTaia npn KopoTKOflencTByiomnx cnjiax. One- 
BHflno, ^TO Hs^ff B nacTOHn],HH MOMenT ne MO>KeT 5biTb paccnnTan fla>Ke ^jih cncTeMbi, co- 
CToain;eH h3 flecaTKa MOJieKyji. Tgm ne Menee, c neKOTopbiM npH5jiHJKeHHeM, mm mojkgm no- 
CTpoHTb ero H3 3(|)(|)eKTHBHbix MGiKMOJieKyjiapHbix napnbix noTeHn;HajiOB BsanMOfleiicTBHa, 
3aBHCfln],Hx OT TCMnepaTypbi, ecjin Sy^eivi ncxo^nTb h3 Toro, hto MOJieKyjibi n aTOMbi nivie- 
lOT cjioJKnyio sjieKTpoMarnnTnyio CTpyKTypy, Menaiontyioca b npon,ecce nx BaaHMO^encTBHH. 
HiaK, Hs^ff MO>Kno npe^CTanHTb KaK cyMMy 3(J)(|)eKTnBnbix napnbix noTenn,HajiOB BsanMO^en- 
CTBHa $i2e//(|^2 — Qil'iT), 3aBHcain;Hx ot TepMo;i;HHaMHHecKoro cocToanna cncxeMbi, KOTopbie 
npe;i;cTaBJiaiOT B3aHMo;i;eHCTBHe flByx MOJieKyji c yneTOM nx B3aHM0fleHCTBHa c nenpepbiBHon 
OKpyjKaionten cpe^oii, TepMO^^nnaMnnecKne napaivieTpbi KOTopon n onpe^ejiaiOT 3aBncHM0CTb 
^i2eff OT TCMnepaTypbi. OKpy>Kaion],aa cpe^a, b cbok) onepe^b, caMa 3aBHcnT ot $i2e// (ca- 
Mocorjiaconanne) . 

CTporoe pemenne npoSjieivibi (J)a30Bbix nepexoflOB b TaKOM no^xo^e npe^CTaBJiaeT co5oh 
caMOCorjiacoBannyio 3aflaHy na onpe^ejienne 3(|)(|)eKTHBHbix noTeHn;HajiOB B3aHM0fleHCTBHa, 
flByxHacTHHHbix (J)yHKn;HH pacnpeflejienna n TepMo;i;HHaMHHecKHx xapaKTepncTHK cpe^bi. 3to 
H ecTb pen,enT nojiynenna Mnoro3nannbix no TeivinepaType Mep FnGGca, n, KaK cjie^CTBne, 
MGTacTaSnjibnbix cocToannn n (J)a30Bbix nepexo^on b Konennon cncTeMe. 

npe;i;jiojKeHHaa cxeivia, onpe;i;ejiaioin;aa npnMHHbi B03HHKH0BeHHa MeTacTaGnjibnocTH n (J)a- 
30Bbix nepexo;i;oB, npe^CTaBJiaeT npHHn;Hn oSpaTHon CBa3H — caMOflencTBHe cncTeivibi Hepe3 
nojie peaKn;HH OKpy>Kaioni;eH cncTeiviy cjiyMannoH, b cnjiy SToro, nenpepbiBHon cpeflbi, xapaK- 
TepH3yeM0H ncKjiionnTejibno nnTencnnnbuvin TepMO^nnaMnnecKnivin napaMCTpaivin, na n3Mene- 
nne B3anM0fleHCTBnH nnyTpn cncTeMbi. TepMO^nnaMnnecKne xapaKTepncTnKn cpe^bi, b cbok) 
onepe^b, 3aBncaT ot scjDcjDeKTnnnbix noTenn,najiOB B3anM0fleHCTBHa uex^y HacTnn,aMn. 

npHHHHOii (|)a30Bbix nepexoflOB n cyn^ecTBOBanna MeTacTa5HJibHbix cocToannii b KoneHHon 
CHCTeivie aBJiaeTca Hajinnne SecKoneHHoro CTOxacTH3HpoBaHHoro, cjie^OBaTejibno, necneTHoro 
OKpyjKenna, KoppeKTnpyioin,ero ^nnjKenna nacTnn, b cncTeMe corjiacno c npnnn,HnoM oGpaTnon 

CBa3H. 

B 3aBncHM0CTH OT CTpyKTypbi o6paTnoH CBa3H, ^OMnnnpyromen b KonKpeTnoM anjiennn, 
MaTepHHCKaa 4)a3a b 3aKpHTHHecK0H o6jiacTH hjih a6cojiiOTHO neycTOHHHBa (nanpniviep, OTcyT- 
CTBHe neperpeTbix KpncTajiJiOB) hjih neycTOHMHBa no OTHomenHio k KoneHnbiM B03Myiii;eHHaM 
(nanpnMep, MCTacTaSnjibnaa nepeoxjiajK^ennaa >KnflKOCTb). OTcyTCTBne neperpeTbix KpncTaji- 
jinnecKHx JierKO o6T.acnnTb na MO^ejiax oSpaTnon CBa3n, npHBOflamnx k nepecTpoiiKe 
noTenii,najia napnoro B3anMo;],eHCTBna ot noTenii,Hajia c o^nnivi MnnniviyMOM k noTenii,Hajiy c 
flByivia MHHHMyiviaMH. Hpn o5pa30BaHHH BToporo MnnniviyMa b noTeni^najie napnoro B3aHM0- 
flencTBHa npoHCxo;i;HT MrnoBennaa noTepa CHMMeTpnH KpncTajiJinHecKoii (J)a3bi (aScojiiOTnaa 
neycToiiHHBOCTb). CTaTHCTHHecKaa necorjiacoBannocTb, npHBe^maa k o6pa30BanHio BToporo 
MnnnMyMa, npn oxjiajK^ennn jKn^KOCTn naoSopoT npenaTCTByeT ero ncne3noBennio, ^Jia koto- 
poro neoGxo^nM corjiaconannbin nepexo^ MOJieKyji nepe3 snepreTnnecKnn 6apbep b neKOTopoii 
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npocTpancTBeHHOH oSjiacTH (3apo;i;bim ycTOHHHBOH (J)a3bi). 

HpocTaa H^ee^Haa MO^ejib c nocToannbiM oG^beiviOM ^jih BO^ono^oGHOH jkh^kocth, b koto- 
poH npHHn,Hn oGpaTHoii cbssh peajiH30BaH b bh^g BsaHMO^eiicTBHa MOJieKyji c HSMenfliomeHca 
npn napHOM B3aHMo;i;eHCTBHH sjieKTpoMarHHTHofi CTpyKTypofl c flHBJieKTpHHecKofi OKpyjKaio- 
mefl cpe;i;oH, npo;i;eMOHCTpHpoBajia Hajinnne (J)a30Boro nepexo^a, MeTacTaSnjibHbix coctojihhh 
nepeoxjiajKfleHHOH jkh;i;kocth, rHCTepe3HC TenjioeiviKOCTH no TeivinepaType h OTcyTCTBne nepe- 
rpeToro KpncTajiJia |14| . 

CoBepmeHHO oniHSoHHbiM HBjiaeTca npe;],CTaBjieHHe o tom, ^to b KOHflencHpoBaHHOH (J)a3e 
napHbie noTeHn,Hajibi B3aHM0fleHCTBHa MOJieKyji mo>kho c^HTaTb nofloSnbiMH noTeHn,HajiaM nap- 
Horo B3aHM0fleHCTBHa nacTHii; b BaKyyMe. Ecjih paccHHTbiBaTb sth noTeHii;Hajibi fljia nacTHii;, 
norpyjKeHHbix b nojiocTb b ^HBJieKTpHHecKOH cpe^e, pa3Mepbi hojiocth nopa^Ka pa3Mepa na- 
pbi, TO fljia GojibniHx 3Ha^eHHH ^HSJieRTpH^ecKoii npoHHn,aeMOCTH napnbie noTeHn,Hajibi MoryT 

HMGTb ^Ba MHHHMyMa. /^HBJieKTpHHeCKafl npOHHn,aeMOCTb 3aBHCHT OT TCMnepaTypbl, TaKHM 

o6pa30M, H napHbie noTeHn,Hajibi CTanoBaTca 3aBHcamHMH ot TeMnepaTypbi. FhSSc b npe^H- 
cjiOBHH K CBoeii nocjie;i;HeH KHnre "OcnoBHbie npHHii;Hnbi CTaTHCTHMecKofi MexaHHKH"[Tj otmg- 
Maji, HTO Teopna 6e3 yneia H3MeHeHHa ajieKTpHHecKoii CTpyKTypbi MOJieKyji npn o6pa30BaHHH 

HMH CBH3eH, KOHGHHO, HG BOJIHa: "B HaCTOflmefl CTa^HH pa3BHTHfl HayKH e^Ba JIH B03M0>KH0 

^aTb ^HHaMH^ecKyio Teopnio MOJieKyjiapnoro ^^ghctbha, oxBaTbiBaiomyio HBjieHHH TepMO^Hna- 
MHKH, H3Jiy^eHHa H sjieKTpHHecKHe HBjieHHfl, conyTCTByiomHe coe^HHenHio aTOMOB. OflnaKO, 
BcaKaa Teopna, KOTopaa ne npHHHMaeT bo BHHMaHHe Bcex sthx aBJieHHH, oneBH^^HO, aBJiaeT- 
ca HenojiHOii;eHHOH". Yhgt H3MeHaeM0H npn B3aHM0fleHCTBHH sjieKTpoMarHHTHon CTpyKTypbi 
MOJieKyji H aTOMOB no3BOJiaeT CTpoHTb 3(|)(|)eKTHBHbie noTeHii;Hajibi B3aHM0fleHCTBHa MOJieKyji 

KOppejIHpOBaHHbie C TepMO^HHaMH^eCKHM COCTOaHHeM CHCTeMbl. 

npHHn,Hn 06paTH0H CBa3H peajIH3yeT B03M0>KH0CTb MO^ejIHpOBaHHa CHCTeMbl MHOrHX ^a- 

CTHii; c raMHJibTOHHaHaMH, 3aBHcaiii;HMH ot TepMOflHHaMHMecKHx napaMCTpoB BHeniHefi cpe;i;bi, 

B paBHOBCCHH OT TepMOflHHaMHHeCKHX napaMCTpOB CaMOii CHCTCMbl (caMOCOrJiaCOBaHHOCTb), 

B nepByio onepeflb ot TCMnepaTypbi. B TCopHH KOH^eHCHpoBanHbix cpe^i; (njiaBJienne) stot 
npHHn,Hn no3BOJiaeT, pemaa caMOCorjiacoBanHyio 3aflaHy na onpe^ejiCHHe 34)4)eKTHBHoro no- 
TeHn,Hajia B3aHM0fleHCTBHa MOJiexyji h MaKpocKonH^ecKHx xapaKTcpHCTHK cpe^bi, nojiy^HTb h 
(J)a30BbiH nepexofl, h MCTacTaSHjibHbie cocToanna b KonenHbix CHCTCMax |14| . HejinneHHOCTb 
caMOCorjiacoBaHHOH 3a;i;aHH no onpe;i;ejieHHio 3(|)(|)eKTHBHoro raMnjibTOHHana, 3aBHcaiii;ero ot 
TCMnepaTypbi, flacT B03M0JKH0CTb peajiH3aii;HH necKOJibKHx thhob ;i;BH>KeHHH MOJiCKyji npn o;i;- 
HOH H TOH me TCMnepaType, to cctb, npe^ocTaBjiacT chctcmc Bbi6op cymecTBOBanna b o^hoh 

H3 HCCKOJIbKHX B03M0>KHbIX (J)a3 (oSblHHO OflHOH H3 ^Byx: MCTaCTaSHJIbHOH HJIH CTa6HJIbH0H 

npH ^aHHbix ycjiOBHax). KpoMC TCMnepaTypbi, 3(J)4)eKTHBHbiH raMajibTOHHan mojkct 3aBHceTb 
H OT ;i;pyrHX HHTencHBHbix napaMCTpoB OKpyjKenHa, nanpHMcp, ot njiOTHOCTCH BHeniHHX pe- 
30HaHCHbix nojiefl, Menaiomnx 34)4)eKTHBHbie noTeHii;Hajibi B3aHMo;i;eHCTBHa nacTHii; cncTCMbi, 
^TO npe^ocTaBjiacT B03M0>KH0CTb ynpaBjienaa 4)a30BbiM cocToanaeM chctcmm npH 3aflaHH0H 
TGMnepaType |15| . 

PlTaK, eme pa3 otmcthm, hto npH^HHoa (J)a30Bbix nepexoflOB h cymecTBOBanHa MCTacTa- 

SnJIbHblX COCTOaHHii abJiaCTCa 3aBHCHM0CTb MHRpOCKOnnneCKHX B3aHM0fleHCTBHH SJieMCHTap- 

Hbix cocTaBJiaiomnx CHCTCMbi OT MaKpocKonnnecKoro cocToanna, ot TCMnepaTypbi b nepByio 
OHepe;i;b. CncTeMbi, cnoco6Hbie k (i)a30BbiM nepexo;i;aM — sto cncTCMbi, MHKpocKonHHecKne 

COCTOaHHa KOTOpblX KOppejIHpOBaHHbl C HX MaKpOCKOnHHCCKHM COCTOaHHCM. 

CymecTBCHHO, ^to fljia nocTpoenna 34)4)eKTHBHbix ancaMSjieii FnGSca hcoSxo^hm BHeniHHii 
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oSljeKTHBHblH CTOXaCTHSaTOp, CBOHCTBa KOTOpOrO SaBHCaT OT COCTOaHHa CTOXaCTHSHpyeMOii 

CHCTeMbi. Ha pojib TaKoro CTOxacTHsaTopa npHpo^a npe^JiaraeT HaM KBanTOBbiH BaKyyM. 

Cbohctbo KBaHTOBoro BaKyyMa pearHpoBaTb HsGHpaTejibHO na ycKopennbie ^eTeKTopbi 
aBJiaeTca b hhctom BH;i;e npoaBJieHneivi npHHii;Hna oSpaTHofi CBaan (KOJiH^ecTBeHHoii peajinaa- 
ii;HeH (J)HJioco4)CKoro saKona OTpaaceHHa). 3to cbohctbo mojkho CHHTaTb tcm caivibiM aaKOHOM 
npnpoflbi, KOTopbiH npHBOflHT K paBHopacnpe;i;ejieHHio BHeprnn no CTenenaivi CBoSoflbi h noaB- 
jieHHK) TCMnepaTypbi KaK MO^yjia CTaTHCTH^ecKoro pacnpeflCJieHHa. A caM KBanTOBbiH BaKyyM 
MO>KHO CHHTaTb rjioSajibHbiM "TcpMOCTaTOM B KOTopbiH norpyjKCHa BCH peajibHaa ^acTb Ma- 

TepHH, HCTOHHHKOM H CTOKOM SHTpOUHH, B CHJiy CFO KOHTHHyajIbHOCTH H SeCKOHC^HOrO HHCJia 

CTeneneii CBo6o;i;bi. ^Jia nocTpoenna MHorosHa^Hbix no TCMnepaType Mep FnSSca hct Heo5xo- 
flHMOCTH onpe^ejiaTb tohhmh cncKTp BaKyyMHbix (J)jiyKTyan;HH n ero saBHCHMOCTb ot TeMne- 
paTypbi, c n,ejibio nocjie^yiontero onpe^ejienna 3(J)(J)eKTHBHbix noTeHn,HajiOB BaanMO^encTBHa 
^acTHu,. CTOxacTHHHOCTb c caMbix npocTbix nepapxH^ecKHx CTpyKTyp (BaKyyMHbie 4)JiyKTya- 
n,HH) nepenocHTca na 6ojiee cjio>KHbie, Sojiee BbicoKne no nepapxHH CTpyKTypbi (aTOMbi hjih 
MOJiCKyjibi) H ;i;ajiee na MaKpocKonnHecKne cncTCMbi, b KajK;i;oH nepapxnn xapaKTcpnayacb 
onpeflejiennbiMH npocTpancTBeno-BpeMenHbiMH MacniTaGaiviH n aMnjiHTy;i;aMH. HosTOMy fljia 
CTaTHCTH^ecKoro onncanna KOHflencHpoBanHbix cpe^ ;],0CTaT0HH0 c^HTaib TepMOCTaT nojino- 

CTbK) CTOXaCTH3HpOBaHHbIM, C OnpeflejieHHblMH MaKpOCKOnHHeCKHMH XapaKTepnCTHKaMH, KO- 

Topbie onpe^ejiaiOT ero peaKn,Hio na BHemnee nojie CHCTeMbi, ycTanoBHTb xapaKTcp oSpaTHon 
CBaan n peniHTb caMOCorjiacoBannyio aa^any o5 onpeflejiennn 3(J)(J)eKTHBHoro noTeHn;Hajia Bsa- 
HMo;i;eHCTBHa MOJieKyji n TepMo;i;HHaMHHecKHx xapaKTcpncTHK, aBJiaioni;Hxca 4)yHKn;H0HajiaMH 
OT 3THX 3(|)(|)eKTHBHbix noTeHn;HajiOB. 

BBe^enne b cncTCMy (Jjyn^aMeHTajibHbix nocTyjiaiOB (J)H3hkh npHHn,Hna oSpaTHoii CBaan 
npn najiHHHH nonaTHH BHpTyajibHoii MaTepnn ^ejiacT cncTCMy "MexannKa - CTaTHCTH^ecKaa 
MCxanHKa - TepMOflHHaMHKa"caMOCorjiacoBaHHOH n nenpoTHBopeHHBOH. 

Bbixo^i; 3a npeflcjibi Mo;i;ejiH saMKnyTon cncTCMbi Tpe6yeT cyn^ecTBOBanna 4)H3HHecKoro 3a- 
Kona, npHBo;i;ani;ero k noaBJiennio CTaTHCTHHCCKHX 3aK0H0MepH0CTeH. Hpn stom ne flOJiJKHO 
5biTb cflCJiano HHKaKHx CTaTHCTH^ecKHx npe^nojioJKeHHH OTHOCHTejibno peajibnoii MaTepnn, 
flBnjKenne KOTopon onncbinaeTca ;],eTepMnnnpoBannbiMn ypannennaMn flBn>Kenna. 3Ty bo3- 
MO>KnocTb npeflOCTaBjiacT naM KnanTOBbin naxyyM ycKopennbix cncTCM Ynpy. EcTCCTBcnnbiM 
o5pa30M, CTOxacTn3npoBannaa cpe;i;a, c SecKonennbiM nncjiOM CTcnenen cboSo^m, n, KaK cjie^i;- 
CTBne 3Tnx cbohctb, cpe;i;a KOHTnnyajibnaa, BaKyyM Ynpy oSjia^acT cbohctbom n36npaTejibHO- 
CTn (^Jia Ka>Kfloro ^CTCKTopa c onpe^ejiennbiM ycKopenncM BaKyyM npe^CTanjiaeTca "Tenjionon 
6aneH"c onpe^ejiennbiM MO^yjiCM pacnpe^ejienna ^jia naKyyMnbix 4)jiyKTyan,nH, 3(J)(J)eKTnB- 
noH TeMnepaTypoH Ynpy). Hpn coBMcmenHH cbohctb BaKyyMa Ynpy c npHHn,HnoM o6paTHOH 

CBa3H Mbl nOJiyMaCM BHeniHHH Jl^JlSi peajIbHOfi MaTCpHH CTOXaCTHSaTOp, "TCpMOCTaT npOHH3bIBa- 
roiUHH BCCb oSTjCM, 3aHHMaeMbIH CHCTCMOH peajIbHblX HaCTHIi;, MTO nOSBOJiaCT eflHHOBpeMeHHO 

c^ejiaTb 3Ty CHCTCMy spro^HnecKOH h nepeMeniHBaromeiica, cnocoSnoii k (|)opMHpoBaHHK) mc- 
TacTaSHjibHbix cocToaHHH, cnocoSnyK) k (|)a30BbiM nepexo^aM h ^aromyro npaBHjibHyK) (J)opMy 
pacnpe^ejiGHHa ^jia CTaTHCTH^ecKHx 4)jiyKTyan,HH. "O^hhm MaxoM naTcpbix noSHBaxoM". 
Ymgctho Sy^CT npHBCCTH HCKOTopbie BbiCKasbiBaHHa, BajKHbie c tohkh spcHHa aBTopa, no 

nOBOfly HGCOOTBCTCTBHa CTaTHCTHHCCKOH MCXaKHKH H TepMOflHHaMHKH, H HaniH KOMMCHTapHH 

K HHM. L[HTHpyK) HO |16| . B.A. OoK, A.B. MHr;i;aji, H.C. KpbiJiOB: "Mojkho npe;i;nojio>KHTb, 

^TO MOK^y MaKpOCKOnnneCKOH XapaKTCpHCTHKOH H oGm^HMM MHKpOCKOnH^eCKHM OnHCaHHCM 

cymecTBycT CBoero po^a ^onojiHHTejibHOCTb, anajiorH^naa toh, KOTopaa corjiacno KBanTOBOH 
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MexaHHKe, BOSHHKaeT npn KJiaccH^ecKOM onncaHHH. CjinniKOM ^eTajibHoe yTOHHeHne nojio»ce- 

HHa CHCTeMbI BHyTpH 4)a30BOH 06jiaCTH, Bbl^ejieHHOH MaKpOCKOnH^eCKHM COCTOSHHeM, HeB03- 

MO>KHO 5e3 HapyineHHfl MaKpocKonH^ecKoii xapaKTepncTHKH CHCTeMbi". P.B. Jla4)jiHH (jiaypeaT 
Ho6ejieBCKOH npeiviHH 1998 ro;i;a): "51 no;i;o3peBaio, hto Bce Bbi;i;aioiii;Heca npoSjieivibi b (J)H3HKe, 

BKJIIOHaa KBaHTOByiO rpaBHTaii;HIO, no CyTH, CB5I3aHbI C TaKHMH KOJIJieKTHBHblMH aBJieHHSMH, 

KOTopbie Hejib3a BbiBecTH h3 cbohctb cocTaBJiaiomHx CHCTCMy HacTeii". 

KoMMGHTHpyH nepBOG BbiCKa3biBaHHe, oSpaTHMca K npHHn,Hny oSpaTHOH cbh3h, kotopmh 
noKa3biBaeT, KaK MaKpocKonH^ecKHe CBoncTBa CHCTeMbi b n,ejiOM nepenocaTCfl na mhkpocko- 

BH^eCKHH ypOBGHb B3aHMOfleHCTByiOmHX SJieMGHTapHblX HaCTGH CHCTeMbi, He flOHyCKafl CJIHHI- 

KOM SojibinoH fleTajiH3an;HH MHKpocKonnHecKoro cocToaHna b (]3a30BOH oSjiacTH, onpe^ejieHHOH 
MaKpocKOHHHecKOH xapaKTcpHCTHKOH, H caMOCorjiacoBaHHO He ;i;oHycKaa ee napymeHHa. To 

eCTb, MHKpOCKOHHHeCKOe H MaKpOCKOHHHeCKOe COCTOaHHa CHCTCMbl aBJiaiOTCa ^OHOJIHHTejIb- 

HbiMH flpyr K ^pyry xapaKTepncTHKaMH h hc MoryT SbiTb He3aBHCHMbiMH, Tax jkc KaK ko- 

OpflHHaTa H HMHyjIbC B KBaHTOBOH MexaHHKC. 3Ta flOHOJIHHTejIbHOCTb BbipaJKCna HpHHn,HHOM 
06paTH0H CBa3H, KOTOpblii He H03B0JiaeT COBepmCHHO TOHHO 3aflaTb MHKpOCKOHHHeCKOe COCTO- 

anne CHCTCMbi H3-3a CBa3H ee c SecKonenHbiM OKpyxceHHeM, h 3aflaTb STy CBa3b Hnane, hcm 
Hepe3 MaKpocKonHHCCKoe nojie peaKn,HH OKpy>KeHHa, b CHjiy SecKOHCHHoro HHCJia cjiynaHHbix 
CTeneneii CBoSo^bi nocjie^Hero. 

3tOT >Ke KOMMeHTapHH OTHCCeM H KO BTOpOMy BbICKa3bIBaHHIO, TaK KaK KOJIJieKTHBHbie 

aBJiCHHa (iviaKpocKonHHecKoe OKpyjKeHHe) KoppcKTHpyiOT 34)4)eKTHBHbie noTeHii;Hajibi B3aHM0- 
fleiicTByioinHx sjieivieHTapHbix nacTen chctcmm, corjiacoBbiBaa hx c TCKyinHM MaKpocKonHHe- 

CKHM COCTOaHHCM, KOTOpOC, B CBOK) OHCpe^b, OnpCflejiaCTCa 3THMH 3(J)(J)eKTHBHbIMH nOTGHI^Ha- 

jiaMH. 

06l>eKTHBHaa CTOXaCTHHHOCTb TCpMOCTaTa, ^a H CaMOH CHCTCMbl MHOrHX naCTHU,, He H03B0- 
JiaCT KOppCKTHO CTpOHTb CTaTHCTHHCCKHH aHCaiVlGjIb, CHHTaa MHKpOCOCTOaHHa CHCTCMbl OHpB- 
flejiaCMblMH HCKJIIOHHTejIbHO flHHaMHHeCKHMH ^^CTepMHHHpOBaHHblMH (J)yHKH;HaMH, He3aBHca- 
IH;HMH OT MaKpOCKOHHHeCKHX CBOHCTB TCpMOCTaTa. raMHJIbTOHHaHbl CTaTHCTHHCCKHX CHCTCM, 

chocoShmx k 4)a30BbiM HcpexoflaM, HeH35e>KHO 3aBHcaT ot TCMHepaTypbi KaK ot napaivieTpa. 
OneBHflHO, HTO xapaKTcp 4)a30Boro nepexo^a 3aBHCHT ot KOHKpeTHOH mo^cjih oSpaTHOH CBa3H, 
onpeflCJiaiomeH KaK KpHTH^ecKHe tohkh, TaK h thh nepexo^a. 

^jia HJiJiiocTpaii;HH H3Jio>KeHHOH KOHii;enii;HH HHJKe npHBo;i;aTca ;i;Ba npniviepa, b KOTopbix 
npHHii;Hn oSpaTHOfi CBa3H npoaBJiacTca b hhctom bh^c. HecMOTpa na npocTOTy HCxo;i;Hbix no- 
jioJKeHHH H npHMHTHBHyio (J)opMy MOflCJiH CHCTCMbi HacTHu,, npHHn,Hn oSpaTHoii CBa3H Ha^ejiaeT 

CHCTCMy BCCMH XapaKTCpHblMH CBOHCTBaMH, o6Hapy>KHBaeMbIMH y peajIbHblX CHCTCM. 

IIpHMepbi peajiH3aLi,HH npHHLi,Hna oSpaxHOH cbssh 
MexaHHHecKaa MOflejib MexacTaGHjibHoro cocToaHHa 

PaccMOTpHM sjiacTHHHbiH CTaKaH - (|)opMa 1, B KOTopoM KaTacTca 5e3 Tpenna Ta>KejibiH ma- 
pHK (pHcEl cjiCBa). IIIapHK - 9T0 "cHCTCMa sjiacTHHHbiH CTaKaH, nojic TajKCCTH, flpyrne TCJia - 
"TcpMOCTaT". C noMombK) pa3JiHHHbix npHcnocoSjieHHH npH^a;],HM CTaKany (J)opMy 2 c ^Byivia 
MHHHMyMaMH (pHcjl], cnpaBa). CocToaHne CHCTCMbi onpe^ejiacTca SHeprnefi mapHKa h o5jia- 
CTbK) ;i;ocTynHbix KOop;i;HHaT. Hpn (J)opMe 1 Bce cocToanna, ji^Jisi KOTopbix U{x) < E^, ;i;ocTynHbi 
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fljia mapHKa. Hpn c|)opMe 2, ecjin nojinaa sneprna mapHKa Menbine Eq, to mapHK MOJKeT na- 

XOflHTbCfl JIh6o B OCHOBHOM MHHHMyiVie, JIh6o B C03flaHH0M npHcnoco6jieHHflMH. 




EcjiH B CHCTeivie hgt (J)jiyKTyaLi,HH siieprnn, to mapHK ne CMOJKeT nepexo;];HTb h3 o^Horo 
MHHHMyMa B flpyroH. HpH najiHHHH (J)jiyKTyan,HH mapHK mo^kbt BpeMa ot BpeMenn Menaxb 
CBoe cocToaHHe, coBepmaa nepexoflbi h3 OflHoro nojioJKeHHa paBHOBecHa b flpyroe. Mbi ne 
MOiKCM CHHTaTb cocToaHHe mapHKa 6ojiee CTa6HJibHbiM b rjiy6oKOM MHHHMyMe no cpaBHenHio 
c cocToanneM b Menee rjiy6oKOM, TaK KaK BpeMa, npoBO^HMoe mapHKOM b sthx cocToarinax, 
saBHCHT ot cneKTpa c|)jiyKTyaii;HH. Cobcgm ^pyroe ^ejio, ecjin b mombht HaxoiK^eHna mapHKa bo 
BTopoM MHHHMyMe CHaTb HpHCHOCo6jieHHa, o6ecHeHHBaBmHe cym,ecTBOBaHHe 3Toro MHHHMyMa. 
B cjiynae HeflOCTaiKa ynpyroii aneprnH CTenKH CTaKana fljia nepeBO^a mapHKa b ochobhoh 
MHHHMyM, mapHK 6yfleT ocTaBaTbca b hcm ^o tbx nop, noKa no^ ^eiicTBHeM 4)jiyKTyan;HH ne 
noKHHCT ero. Hmghho sto cocToanne cjTe;i;yeT CHHTaTb MeTacTa6HJTbHbiM, TaK kek npn nepexo^e 
mapHKa b ;i;pyroH MHimMVM ono HC^iesaeT, CTaKan BOCCTaiiaBJiHBaeT cbok) nepBonanajibHyK) 
(J)opMy 1, H mapHK ne mojkbt BepnyTbca b HcaeanyBmee cocxoaHHe. 

ripHBefleHHbiH npHMep nosBOJiaeT c4)opMyjiHpoBaTb ycjiOBHa cym,ecTBOBaHHa MeTacTa6Hjib- 
Hbix cocToaHHii B o6m,eM BH^e. MeTacTa6HjibHbie cocToanna peajinayroTca b KOonepaTHBHbix 
CHCTCMax c (J)jTyKTyan;HaMH h caMo;i;eHCTBHeM cncTeMbi ^iepe3 nojie peaKn;HH Bnemnefl cpe^bi. 
<l>jiyKTyaii,HH aB.iaroTca ycjiOBneM neoSxoflHMbiM, no ne ;],0CTaT0^mbiM. ^ocTaTOHHbiM ycjiOBHeM 
aBjiaeTca caMOfleiicTBHe CHCieMbi aepea nojie peaKn,HH, HOAAep>KHBaK)m,ee flannoe cocToannH 
jiHmb flo Tex nop, noKa CHCTCMa ne nepeiifleT b flpyroe. C nepexoflOM CHCTeMbi b flpyroe co- 
CToanne MeTacTa6HjibHoe cocToanne paapymaeTca h HcneaaeT. 



SneeHHaa MO^ejib MeTacTaGHjibHoii :acHflKOCTH npn nocToaHHOM 
oGteivie 

B KanecTBe MOJieKyji paccMaTpnBaeMOH jkh^kocth Bbi6epeM MOJieKyjibi na^ejiennbie cbohct- 
BaMH MOJieKyji BOflbi. B sjieMenTapnoH c4)epHHecK0H aneHKe BBe^eM HOTeHn,Haji, cooTBCTCTBy- 
K)m,HH HpHTarHBaK)m,eH nacTH BaaHMO^eiicTBHa napbi MOJieKyji bo^bi. Hpn o6pa30BaHHH BOflO- 
poflHOH CBa3H (BC) na MOJieKyjiax nepepacnpeflejiaroTca hjiothocth ajieKTpHnecKHx aapaflOB, 
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TaK HTO napa MOJieKyji npnoSpeTaiOT flonojiHHTejibHbifi ;i;HnojibHbiH momght. KajK^aa h3 mo- 
jieKyji npHoSpeiaeT aapa^ ±Qeff{r), aaBHCflmHH ot paccToanHa uemp^y MOJieKyjiaMH. Ecjih 
MOJieKyjibi HaxoflSTca b cnjiomnoH cpe^e c ^HSJieKTpH^ecKoii npoHHn,aeMOCTbio e(T), to bth 
aapaflbi BsaHMO^eficTByiOT co cpeflofl, h 3(J)(J)eKTHBHbiH noTeHii;Haji npe;i;cTaBJiaeT co6oh cyM- 
My noTeHii;HajiOB BC h B3aHMo;i;eHCTBH5i npnoGpeTeHHbix 3(J)(J)eKTHBHbix 3ap5i;i;oB ±Qeff{r) c 
OKpyjKaioineH cnjioniHofl cpe;i;oH. ^HBJieKTpHHecKaa npoHHii;aeMOCTb cpe;i;bi, cocToainefi h3 Ta- 
KHx me MOJieKyji, 3aBHCHT ot ^HCJia MOJiexyji c HeaTpajibHbiM 3apa^0M h ot ^HCJia MOJieKyji 
necymax sc^Dc^DeKTHBRbia 3apafl, to ecTb ot MOJieKyji, naxoflamaxca na nepH(|)epHH aaeaKH. 
Hpa aacjie MOJieKyji c 9(|)(|)eKTHBHbiM 3apaflOM (Sy^eivi sth MOJiexyjibi Ha3biBaTb MOJieKyjiaMH, 
oSopBaBniHMH BC) Sojibine neKOToporo, na kphboh 34)4)eKTHBHoro noTeHii;Hajia b aneiiKe na 
nepac^DepHH o5pa3yeTca BTopoa MHHHMyM. B corjiacHH c npHHii;HnoM o5paTHOH CBa3H noxeH- 
n,Haji B aaeHKe 3aBHCHT ot aacjia aacTHu, oGopBaBinax BC CBa3b, Tax KaK ^HSJieRTpaaecKaa 
npoHHn,aeMOCTb cpe^bi 3aBHCHT ot stofo aacjia, a caMO aacjio aacTHu,, oSopBaBinax BC, 3a- 
BHCHT OT noTeHn,Hajia b aaeiiKe |14) . HacjieHHoe pemeHae ^Jia aacjia MOJieKyji, oGopBaBinax 
BC B eflHHHii;e oGteivia, a flBa Tana noTeHn;aajiOB b aaeiiKe, peajia3yioni;axca npa TeivinepaType 
njiaBJieaaa Tm, npaBefleabi aa pacyaKe aajKe. 

Ha paclU cjieaa, ape^CTaajieaa 3aBacaM0CTb aacjia MOJieKyji, oSopBaamax BC b e;],aaa- 
a,e o5T.eMa, ot TeMaepaTypbi. Ha paclH capaaa, apaBe;],eabi ^aa Taaa 3(|)(|)eKTaBabix ao- 
Teaa,aajiOB, peajia3yion];axca b sjieMeaTapaoa aaeiiKe apa TeMaepaType ajiaajieaaa (xpa- 
Baa 1 - JKa^KOCTb, Kpaaaa 2 - KpacTajiJi). CKpbiTaa TeajiOTa ajiaajieaaa — sto pasaocTb 
MGJKfly cpe^aaivia 3aaaeaaaMa Ugff flJia KpacTajiJia a JKa^KOCTa apa ;i;aaaoa TeMaepaType 
6Q =< Uig> - < Ucr >. 




50 200 




Pac. 3: Capaaa: Kpaaaa 1 - acaflKOCTb, Kpaaaa 2 - KpacTajiJi. 



Ha pacH] apaae^eaa 3aBacaM0CTb TeajioeMKOCTa ot TeMaepaTypbi. Kpaaaa 1 - 3aBaca- 
MOCTb TeajioeMKOCTa Cy OT TeMaepaTypbi apa aarpeaaaaa, KpaBaa 2 - apa oxjiaacfleaaa, 
- TeMaepaTypa ajiaajieaaa, T* - TeMaepaTypa MaKcaMajibaoro aepeoxjiajK^eaaa JKa^KOCTa. 

noBe;i;eaae TeajioeMKOCTa Cy ;i;eMoacTpapyeT racTepe3acabie aajieaaa, TaK KaK cacTeMa 
3BOJiioii,aoaapyeT c asMeaeaaeM TeMaepaTypbi b corjiacaa c apaaii,aaoM Jle-IIIaTejibe. Hpa 
TeMaepaTypax T* < T < Tm B03Moa<;ao cymecTBoaaaae aepeoxjiaac^eaaoa >Ka^KOCTa. 

HecMOTpa aa ^obojibbo rpy6yio aapaMeTpa3aii,aio 34)4)eKTaBaoro aoTeaii,aajia a 4)aKcapo- 
aaaabia o6T.eM cacTeMbi, TeMaepaTypa ajiaajieaaa oape^ejieaa b 27QK, TeMaepaTypa MaKca- 
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MajibHoro nepeoxjiajK;i;eHH5i b 181 K, a CKpbiTaa TenjiOTa nepexo;i;a b 4.06 ■ 10^ ^jk/kr Onpe- 
flejiGHHoe corjiacHe c SKcnepHMeHTajibHbiMH ^annbiMH cymecTByeT. Y^gt HaMeneHHa oG^beivia 
no3BOJiaeT BbiHHCJiaTb noBepxHOCTb cboSo^hoh BneprHH b npocTpancTBe nepeivieHHbix V m T, 
MTO npHBo;i;HT K xapaKTepHOH CKJiaflKe na noBepxHOCTH cboSo^hoh aneprnH F{V,T) b o6jiacTH 
TeMnepaTypbi njiabJieHna, KaK h b TeopHH KaTacTpo(|) ToMa. 





C^, J/mol-K 
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Phc. 4: SaBHCHMOCTb TenjioeMKOCTH ot TeMnepaTypbi. 
B npe^CTaBjieHHOH MO^ejiH neperpeTbin KpncTajiJi OTcyTCTByeT. 

SaKJlKDHGHHe 

TaK KaK 4)a30Bbie nepexoflbi h MeTacTa6HjibHbie cocToanHH b CTporoft TeopHH CBHSbiBaiOT c 
MHoro3HaHHbiMH MepaMH EnSSca, to Mo^ejiH CTaTHCTHnecKHx CHCTeM MHOFHx nacTHu, c o5paT- 
HOH CBflSbK) MoryT OKaaaTbca a^eKBaTHbiMH npn onncanHH KOH^eHCHpoBanHbix cpe^. 

KpoMe Toro, Mo;i;ejib c oSpaTHoii CBasbio flonycKaex ynpaBJienne (|)a30BbiM cocToaHneM c 
noMOinbio cejieKTHBHoro B03;i;eHCTBHa peaoHancHbiM HajiyneHHeM na onpe^ejiennbie CTenenn 
CBo6oflbi, OTBeTCTBeHHbie 3a CTpyKTypy oGpaTHoii CBa3H |15j . YnpaBjienHe 4)a30BbiM cocToa- 
HHeM c noMombK) pe30HaHCHbix H3JiyneHHH aBjiaeTca o^hoh h3 SKcnepHMenTajibHbix bo3mo>k- 
HOCTen npoBepKH npe^JiaraeiviOH KOHn,enn,HH npH^HH (J)a30Bbix nepexo^OB h cymecTBOBanHa 
MeTacTaSnjibHbix cocToanHfl. 

npHHii;Hn o6paTHOH CBasn nosBOJiaeT xaKJKe nonaTb HeBOSMOJKHOCxb o6pain;eHHa 3bojiioii;hh 
BO BpeivieHH, TaK KaK He tojibko ivienaeT BepoaTHOCTb HaxojK;i;eHHa CHCTeivibi b MnKpocKonnne- 

CKHX COCTOaHHaX COBMeCTHblX C flaHHbIM MaKpOCKOHHHeCKHM, HO H CaMH 3TH COCTOaHHa, CO- 

rjiacoBbiBaa hx c TeKymHM MaKpocKOHnnecKHM cocToaHHeM OKpy>KeHHa hjih caMoii CHCTeMbi 

(caMOCOrJiaCOBaHHOCTb) . TaKHM 06pa30M, HpHHn;HH oSpaTHOH CBa3H H CTaTHCTHneCKHH HpHH- 

n;HH MoryT 5biTb B03Be^eHbi b panr (|)yH;i;aMeHTajibHbix saKonoB npHpo^bi. 

Be3 npHBJieHeHHa HpHHn;HHa oSpaTHoii CBa3H Tpy;i;HO o6T.acHHTb HanpaBJieHHOCTb 3bojho- 
n,HH CHCTeM. npHHn,HH o6paTHOH CBa3H H03B0JiaeT o5T.acHHTb, KaK cjiynaHHoe HoaBjienne KaKoro- 
jihSo HpH3HaKa MaKpocKOHHHecKoii xapaKTcpncTHKH nepcHOCHTca na MHKpocKonaHecKHH ypo- 
BCHb, 3aKpenjiaeTca h pasBHBacTca. Ecjih hct oSpaTHoft CBa3H, to noaBjiCHHC a pacna^ TaKO- 
ro npH3HaKa paBHOBcpoaTHbi, h hct BbiflCJieHHoro nanpaBJieHHa 3bojiioii;hh. OSpaTnaa CBasb 
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HapymaeT STy CHMMeTpnio. HaKonjieHne TaKoro npnanaKa na MHKpocKonHHecKOM ypoBHe, no- 
CTeneHHoe HSMeneHHe MHKpococToaHHii c HSMeneHHeM MaKponapaMeTpoB OKpyiKenHa, b KOHn,e 
KOHn,OB, npHBOflHT CHCTCMy B o6jiacTb neycTOHHHBOCTH no flaHHOH MaKpocKonHHecKoii xapaK- 
TepHCTHKe, cjie^OBaTejibHO, k c|)a30B0My nepexo^y. KojinnecTBO nepexo^HT b KanecTBO. Taxoe 

B03M0JKH0 TOJIfaKO B CHCTeiViaX C o6paTHOH CB5I3bIO. 

npHHii;Hn oSpaTHOH CBaan — sto ]vieTacTa6HJibHbie cocToaHna, 4)a30Bbie nepexo;i;bi, sbojiio- 
n,Ha caMOCorjiacoBaHHO flBHiKymeiica MaiepHH. 

B 3aKjiioHeHHe mojkho cflejiaib necKOJibKO o6mHx BbicKa3biBaHHH no npo6jieMaM, paccMai- 
pHBaeMbiM B npeflCTaBjiennoii pa6oTe. BecnjioflnocTb nonbiTOK BbiBecTH CTaTncTHMecKne 3aKO- 

HOMepiIOCTH H3 ^IHHaMHHeCKHX CBOHCTB 3aMKHyT0H H30JTHpOBaHHOH CHCTeMbI HaCTHU; 3aCTaB- 

jiaeT oSpaTHTb BHHiviaHHe na noncK oSi^eKTHBHoro ncTOHHHKa CTOxacTHHHOCTH, coBMecTHMoro 
c npeflCTaBjiennaMH 06 o6paTHMOH flnnaMHKe peajibnoii MaTepnn. Ecjih TaKoii ncTOMnnK cy- 
in,ecTByeT, a on cyin,ecTByeT n 3to KBanTOBbiii BaKyyM, to ero CBoiicTBa flOJiJKnbi 6biTb onpe- 
flejienbi 3KcnepHMenTajibno - ycjionne o6T3eKTHBnocTH. Hcnojib30BanHe nonaTnii o KnanTonoM 
BaKyyMe b sajiane 06 oSocHOBanHH CTaTHCTHHecKofi MexanHKH Bnojine coBiviecTHMO c npe;i;cTaB- 
jieHHaMH o e;i;HHCTBe Mnpa. B 3tom cjiynae npoSjieivia oSocHOBaHna CTaTHCTHHecKon MexanHKH 
o6peTaeT TBepflyio o6T3eKTHBnyio ocnony, a Meiofl opranH3an,HH CTaTHCTnnecKoro ancaM6jia c 
Hcnojib30BanHeM npHnn,Hna o6paTnoH CBa3H npnBOflHT k acnoii c|)opMyjiHpoBKe npn^nn c|)a- 
30Bbix nepexoflOB n cyin,ecTBOBanHa MeTacTa6Hjibnbix cocToannii. Cyin,ecTBOBaHHe o6T3eKTHB- 
Horo HCTOHHHKa CTOxacTHHHOCTH no3BOJiaeT CHHTaxb TepMOCTax, neo6xoji;HMbiH fljia BbiBOfla 
Kai-iOHHHecKoro pacnpe^ejienna, CTOxacTH3HpoBannbiM n npeflCTaBJiaiomHM coSoii cnjiomnyio 
cpe^y fljia CHCTeMbi (na6jiioflaTejia), KOTopaa b nero norpyjKena, h ^HnaMnnecKHe cocToanna 
KOTopoH Koppejinponannbi c ero TepMOflnnaMHHecKHM cocToanneM. Taxaa Koppejian,Ha MHKpo- 
CKonHHecKHx cocToannii cncTeMbi c ee MaKpocKonnHecKHM cocTOHnneM bboaht nejinneiinocTb 
no TeMnepaxype b ^mnaMH^ecKyio (J)ynKn;HTO cncTeivibi - 3c|)c|)eKTHBiibiH raMnjibTonnan. 9Ta 
nejinneiiiiocTb MoaceT npnBecTH k B03MO>KnocTH peajiH3an;HH necKO.rrbKHX thhob flBHiKennn 
MOJieKyji npn o;i;noH n toh >Ke TeivinepaType, to ecTb k B03MO>KnocTH cyni,ecTBOBanHa cncTeMbi 
B pa3JiHHnbix c|)a3ax, MeTacTa6Hjibnbix n CTa6HjibnoH npn ^annbix ycjionnax (Mnoro3naHnbie 
Mepbi rH66ca). B 3tom cjiy^ae npnHHnon cyin,ecTBOBanHa MeTacTa6Hjibnbix cocToannn n, KaK 
cjie^CTBne, (J)a30Bbix nepexo,T,OB aBjiaeTca 3(J)(J)eKTHBnoe B3aHM0/ieHCTBHe KoneMHoii cncTeMbi 
c nojieM peaKn;HH SecKOiieniioro CTOxacTH3HpoBaiiiioro OKpyacenna - npHnn;Hn oSpaTnoii cna- 
3h. Cyni;ecTBOBanHe npHnn;Hna oSpaTnon CBa3H npe^ocTanjiaeT TaKJKe B03M05KnocTb ynpanjie- 
nna 4)a30BbiM cocToanneM cncTeMbi Mnornx HacTnn, c noMon],bio cejieKTHBnoro B03fleHCTBHa 
na onpeflejiennbie CTenenn CBo6oflbi. no3TOMy 3KcnepHMenTajibnbie nonbiTKH KpHCTajiJiH3an,HH 
nepeoxjTa>K,ieHHbix jKH.iKOCTen npn B03/ieHCTBHH na nnx pe3onancnbix hjth KorepenTnbix h3- 
jiynennn, nonbiTKn nojiynenna ycToiiHHBbix KpncTajiJiHHecKHX 4)a3 npn TeivinepaTypax Bbime 
TeMnepaTypbi njianjienna b pe3onancnbix nojiax, nonbiTKH yMenbmenna npeMenn nojiypacna^a 
paflHoaKTHBnbix a^ep nofl B03fleHCTBHeM pe3onancnbix hotokob MaccHBnbix hjih 6e3MaccoBbix 
nacTHu, MoryT 0Ka3aTbca ne CTOJib 6e3naflejKnbiMH, KaK 3to npeflCTanjiaeTca b nacToan],ee npe- 
Ma. 
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